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FOREWORD 


h Profissor K E* Zeuntr 

rH.D., OkSC-t FkliiSk, r.EiSk 


The iMvesriGATiCRi of fin site is not complete without 

the study of its natuml and ardficUI environments Man e»f the p y» T stood 
with both feet on the ground, and one of his chief activities was the 
ttploitttioa of the anuiul wocJd. It is tutunl, tbciefbrc, that much 
valuable utformation can be obtained from the animal bones found on 
a 8 «Chi They may he derived from domesticated beasts and tell us about 
the breeds then leated, or they come fcoiii game animals and tell us 
about hunting aedvitiK. Perhaps both groups are present, and their 
proportion may he an Indca of the relative importance of hunting and 
stock-breeding. Moreover, in the Old Stone Age, bones provide 
crucial evidence for tlie kind of environment man was living in, for 
climate and dating. 

It is unfortunate, therefore, that no book lias been published in the 
last eighty years from which one am learn the kind of mammalian 
osteology required by the archaeologist, and, for that nutter, the 
biologist in general—for ardueologists ate today nothing but specialist 
biologists, studying one panicular, and in fact, somcwlut peculiar, 
species. This gap in our Lheiaturt has kdeed hero awkward not ooty 
from the research point of view, but 610111 the teaching angle also It 
is one thing to teach students with the aid of material In the class room, 
but quite another to capect them to Icatn the matter up withtuit a text¬ 
book and, what is worse, to tnake them use thcEc knowledge after the 
completion of dieir training. 

This gap has now been filled by the admirable book De Cornwall 
has wtitten. It is admirable in thiee respects. First, it does contain the 
matter one hopes to find in It (not all books do); secotidly, it has been 
planned in such a way that even the reader without pievjoua biological 
training will find it possible to get down to brass tacks; and, thirdly, 
it is wrjttea in an exceedingly plosam nuinner which makes reading 
easy. 

1 am thus very happy that Beats for tit j^rthgteh^t is at last appearing 
in pdot. It will make life easier for both students and ntnf I am 

conviooed that it will—os it should — encourage souk of the younger 
genendoti to take up comparative osteology seriously. We are, indeed, 
greatly In need of workm in this field. 


F. E ZEUNEtf 
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FIGURE I 


-THE SKELETON HUNT* 

A fam/Ml /ahltdM 



‘Hie Skeleton hunt', a fanciful tableau of the 
bones of four common mammals in action. Man 
(a Pfiimte) rido the hotsc (a Pcrissodactyl un¬ 
gulate) to hunt the stag (an Aitiodactyl ungulate) 
with the assistance of the dog (a Fissipede carni¬ 
vore). Note the basic mammalian stnicturea 
common to all, di0criiig matniy in proportions 
and atdnides, with incieasifig adaptation of the 
extremities to speed, in the order: man, dog, 
dcci, horse. 







Man directs the enterprise by virtue of his superior 
brain and hands able to make implements and use 
them; nevertheless, without the horse's superior 
fleetness of foot and stamina he would not easily 
get within bowshot of such a target. Without 
the dog’s superior sense of scent, gripping teeth, 
and ‘dogged’ spirit he would be hard put to it to 
follow and bring to bay a merely wounded 
quarry. The deer’s superior agility over rough 
country may yet save him should the loosed 
arrow miss its mark. 




















PREFACE AND 


ACKNOWLEDGMENTS 


Aiacost f^CAVATiOi^ to fiiid dtc Indies of ftocient mjin und of hij 
oiltLio:: yidds, aoiong other riaturd evidcaec, the bones of his ftninml 
conteropowicfl, lud somedrnes those of man himself. Comcnctcial pits 
for gcaveh chalk and btickeirth often ent into deposits of the 
Pleistocene geological period^ where, along with stone Unpleinents 
shaped by Palaeolithic man, are found itmains of the animals which he 
hunted and which nuy^ sometitnes, have hunted him. 

It 15 now a commonplace that it is the duty of aithaeologists and 
others, who may unearth suda bones, to collect them forcaairiiiiation, so 
that no evidence may be lost which may help to (ill in the natural and 
economic fsackgrounJ in which andent cuirun=s flourished. 

It is, perhaps, less well known that the specialists who may b^t be 
quairfted to examine the tnatedsl and pass ^^oologJcal and palaeontolo¬ 
gical judgment on it am often noi paniculariy intcr^ted in iis archaeolo¬ 
gical ocmteit and have other Tvork to do berides leporting on the Urge 
quantities of bones, human and animal, often collected on afdiaeoti> 
gicfll excavations- The leoult of theie naturml preoccupation with 
their own special interests is that there is a dearth of workers in this 
£tld, the greater numbet of archaeologists not having enough 
ftuatomical and zoological skill to determine their own bone-llndi 
rcbably. 

Qearlv, the main respoRsibibsy for the first sotting over of the 
material rests with us, the atrfiaeologists. Only when the iinportanct 
of the case or tlte special interest of the bones warrants it ibould wc 
have to apply for assistance and final jadgment to the experts. 

Not every arehaeologisc has the need (or the desire?) to make himself 
his own osteoiogisr, hut there should be a aufficiait small number of the 
fraremity with a cenain interest and skill in the matter of bones, who 
would enable the really vast nuiteria] fo be sorted, sclecTed and stuvxyed 
without undue delay. 

Every excavator, on the other hand, ought lo have some slight 
acquaintance with the subject, for be is the first judge of the material and 
must whether it is worth preservadon for study or not* To this 

end, be should obviously be able to distinguish beiwcen human and 
anintal remains and between rhe fore-limb and hind-limb bones of the 
same human or afiimal individual. It wnnld evidendy be of value if he 
could even tdl the diflerence between those of a human infant and those 
of a hare or cat* Lack of even this ntioimum of techruod knowledge 
makes it not uncommon for bone remains to be eoUecred in inch a 
Way that, if ft is attempted at a liter time to mend and teasicmblt them 
f(?r study, whole limbs and parts of skulls of Otherwise well-preserved 
skeletons are found to be misring* 
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ifi PREFACE AND aCKNOWLETJOWKSTS 

In view of these facts, a shott cotitse of human and aainwl ostwiogy 
baa been deemed neecssajy for smdems caking the Diplomas in pce- 
histoiic archaeology of the Univcriiiy of London, and it has, for some 
years past, fallen to the writer to attempt to cover the required field in 
ten lectures and practical demonsuactons. Every year at least some few 
students show spedal interest in and aptitude for the subject and wish 
to give it nithts more anendon than is ahsolutdy required by the 
Diploma syllabus, but there exists no booL for additional reading and 
reference which treats in sufficient detail of the nther narrow pact of the 
zoological and palaeontological field which is of chief imponnnee for 
archaeologists, 

Flower’s Osttolcgt cjibt (tSyfi) is adnurable, and still unsur¬ 

passed in its way, but contains much that is indevant to our subject. 
At the same time, it is not sufficiently full on the subject of elephants, 
cattle and (for instance) bcavcis—all of which are likely to be found in a 
human context in Europe. 

Gray’s Anatoa^ and other textbooks of human anatomy arc designed 
for the nA whral student and deal exclusively with man. The detail, even 
of the scctiuiis dealing with osteology, is too great for our purpose and 
the very weight of the volume is daunting to a begitinci. 

The same cddcisnis apply to vetermary textbooks, which demand 
cofksjderable labour on the pan of the inquirer to select w'hat is televant 
to our problems. It is not surprising that, faced with three or four romes 
of such scope, most aichaeologists decide that life is nor long enough for 
chem to became acquainted with the technicalities of bttnes. 

Hue’s Musff Oif(ob!gj^ is an alias of bones by a veieiiniiy surgeon, 
specifically inicnded as an aid to arcbaeologistt. Despite some ahuit- 
conungs, it is a valuable wurlt of cdfeicncc and should be on the shelf of 
any student who pretends to recognuGe animal bones. Since ft Is frankly 
an atlas, it lacks explanatory nutcer which would serve as an introduction 
lo osteology takes for jipantcd a knowledge of the systematic re- 
Unonxbips on which any serious study of bones must be based. Once the 
reader is fiirniJiax with the outUne of the mammalian skeleton. Hue 
frequently provides the comparative maicdal requited, though, tn the 
mtutr of things, he is far from complete—one seems always to want a 
view of the specimen different from that illustiatedi 

Thexe is, therefore, room for a book on the paidculat aspects of 
human and anbiBl osteology which interest the archaeologist—the 
study of bones u indices of covitanmciit and of the processes of human 
and animal evoluiion. In scope it needs to confine itself rather dosdy lO 
the luriow field with which wc are concerned and to conccnmie ex¬ 
clusively on the mammals. It is to Supply this need, and to digest 
somewhat the mass of information on comparative anatomy, for 
arehaeologiata working fiu' from reference Ubranes, that this book is 
ptinutily designed. It is hoped at the same ttoic that its existence w*ill 
attract into the field of osieolr^ a few serious students who may fill 
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the gap whidi jit present exists becveca aichaeology and the spedalist 
roologisis and palaeontologiits. 

It was no part of the odginil intention to appeal to the interest of the 
gcoenl public, but the cultivation o£ a knowledge of bones ii, aftet all, 
no mote abstmsc than atchacology itself, which has many expert 
amateuf expoaems. It may be ho|wd, ibcteftifc, that at least some 
general readers may be fired in their imaginations with an enthusiasm 
to follow a science which is also sotnething of an air and a craft, of 
intrinsic interest as well as an indispensable adjunct to aichaeobgical 
rtsearch. 

The illustfadons are chosen not so much to provide an atlas of bones 
u to dcmonxtiatc the loological prindples upon which determinations 
must be based. Thctr number would have to be enormously multiplied 
to attempt more than this, 

Seales are included in each figure. Where not otherwise stated, they 
are in inches and centitnetres. 

No Illustiarioios, however oomplctE, can fully take the place of com- 
paiativc bone matgriai for the final determinstion of an unknown spedes, 
though they can be useful reminders of the possibilities when the bones 
are remerabefcd in the round. 


Mr msT DEBT of gratitude is to the late Sir Arthur Kdth, whose 
published works on the antitjuity of man first introduced rnc to ideas of 
comparative anatomy. His personal interest in this project arsd encour¬ 
agement at every point have been invaluable. 

Df. Zeuner, Professor of Environmental Archaeology in the Univers¬ 
ity of London, my immediate master In mammahon palaeontology and 
the comparative anatomy of the lower animab, introduced me to the en¬ 
vironmental outlook anil htut been a very encyclopaedia of information 
during the years in which T have hoen associated with him. The impetus 
provided by him b responsible for the central tlicme of the work, 
without svhich tt would inevitably have been altogether dry and barren. 

Dr. J. C. Ttevor, <rf the Duckworth Labotatory, Cambridge, has 
helped me with the t|uantitative aspect of human osteok^y and has 
kindly given petmission to icprodua; the ceebni^e of measu rement and 
the tables for calcubtion of living stature ftom long bones. His kindness 
and practical assistance have fir exceeded anything I was entitled to 
expect. 

My thanks are also due to his co-author, Professor J. D. Boyd* of the 
Anatomy School, Cambridge University, and to Messrs. Butierwonh 
fie Co., Ltd., the publishers of their article (sec footnote, p. sjj) for 
giving thgir assent, also, to the reproduction here of their data. 

To my predecessors, the authors of many books on which 1 have 
drawn for inspiiarioo and specific information, J gladly acknowledge my 






ig PREFACE AND ACKNOWLEDGMENTS 

indebtedness. Many of their names are household words: Buckland, 
Cuvier, Darwin, Falconer, Linnaeus, LycU, Owen. Oth^, 
modem, arc perhaps just as illustrious in their less all-embracing fields: 
Abel, Broom, Cunningham, Lydekker, Osborn, Socrgel, Riitimeyer and 
many others. Gray, Flower, Zittel and Hue have provided me with 
most of the substance for my descriptive matter, for which I take the 
credit only of having selected and edited what seemed most apposite in 
my context 

My best thanks and admiration are due to my skilled illustrator. Miss 
M. Maitland Howard, F.Z.S. Artistry and an intimate knowledge of 
the material itself arc uncommon gifts in one person, which I have b«n 
fortunate indeed to have had at my disposal. Her te chn ica l contribution 
and tireless industry have alone made this part of the work possible. 

Finally, to the staff of Messrs. Phoenix House Ltd., my publishers, I 
would express my gratitude for constant helpfulness, many valuable 
technical suggestions and unfailing patience in seeing the book through 
the press. 
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Introduction 


If archaeology itself is popularly regarded as a dry-as-dust study, 
that of fossil and sub-fossil bones may well seem, in the eyes of the 
general public, to be the quintessence of dryness and dustiness, the 
preserve of imaginary bearded professors and museum curators. 

Like many popular conceptions, this one is superficial and erroneous. 

Archaeology today has advanced beyond the stage of being preoccu¬ 
pied exclusively with the material equipment of ancient peoples. it has 
become part of the wider study of man. Knowledge of an ^dent 
culture through its artifacts alone is incomplete. The study must indude 
its setting in the larger scheme of things—its relation to the natural 
environment, of which, in the earliest human times at least, it formed an 
integral part. 

Environment is a complex of topography, climate, soil, nora and 
founa—factors all variable and interacting. In any given plaa at any 
given time some degree of balance in the character of the environment 
tends to be established and this persists until one or mote of the cau»- 
tive faaors changes, when evolution towards a new equilibrium begins 

afresb. r j r 

The interplay of these variables has become the subject of study ot 

the special sdertce of ecology. This, of its nature, encroaches over the 
boundaries of all the natural sdences interested in the above factors 
in environment. Thus there have arisen, for example, ecologies of soils. 


plants and animals. . i. u 

The ecology of man in later times is called economics, which, re- 
cause of the complexity of human social organization, has become quite 
distinct in character from the natural ecologies. Before man became a 
more or less sedentary animal human ecology was embraced in that of 
zoology. 

If, therefore, a geological or archaeological site yields animal bones m 
association with the artifacts of man, these oftM poorly preserved and 
fragmentary relics may lead to at least a partial reconstruction of the 
animal environment of the ancient human group, and thus enable us to 
indicate with some assurance the climatic, floral and faunal background 
in which the men must have lived. 

Investigation of a collection of bones, as of all archaeological materials, 
is thus detective-work. Its objectives arc dificrent from those of Mr Shcr-* 
lock Holmes— and its results, perhaps, less definitive—but some of the 
methods of research arc not unlike those employed by up-to-date 
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lo BONES roa the aachaeologist 

cdmina] iovcadgatiun dcpaitments, and may even, on occaston, be 
identical. For instance, che methods of detctmining the sex, age and 
staiuie of fragtoentaiy htitnaa rEmajns of die past axe the same as those 
used by police investigators for attempdog to identify lemains of vic- 
Ums of the mo« grisly murders. 

'i'he idendiicaLiDa of anjina] species from loose teeth and fragmentary 
bones requires a ccrtiiin knowledge of anatomy and zoology, of a strictly 
Hrnitcd character. The more durable parts only being lepreseoted, die 
soft parts cancem tia only in so fir as they form part of the complete 
living mechanism of the body and aflcct the bones at their points of 
artRchmcnt. The field of pusaible unknown species is further narrowed, 
for any given place and period, to the list of spedes likely to be 
found. New diseoverics cannot be excluded, but will probably not be 
frequent. 

The task before us, thccefoie, is not as insuperably great as It might at 
first sight appear, nor is it without its owo interest for a student with a 
mechanical rum of tnind, able to appreciate die intrinsic beauty of 
anatomical mechanisms. 

Any person wishing to understand the working of the internal 
combustion engine soon learns to speak fluently to terms of *gudgeon- 
pins* and ‘big-cods' and ‘enmpreajon'iatios'. The termiootog]' of bones, 
for all that it is in Latin, is rto more difficulL lengthy as the terms often 
seem at first acttuaioiaoce, they are, in the long tun, Jess cumbersome in 
use than ‘plain English’ periphrases, ‘'fhe koofa behind the car-hole* is 
little plainer, and less ftccutate, than 'mastoid process’. Moreover, 
‘mastoid’—uolike ‘gudgeon-pin’!—is intecnadonally uadcrtirood. It is 
worth the trouble, tbeiefbtc, to Icam the language of die subject, and no 
apology is made for introducing the technical terms at the verj’ outset of 
the descriptive section, A literal transkuon is often given at the first 
mention of a new term, to assist ia remembering it and to show that it is 
generally simply descriptive. 

For earlier Stones Age times bones and teeth often provide valuable 
dating evidence also, If, for instance, we find remaios of the wild pig 
aaaociated with a stone industry, we can be sure that the makers of the 
tools lived in, or near, a temperate forest. Sudi a forest, in its rum, tc- 
qutCEi a climate not far removed in character from that of the ptesenrday 
in western Europe. Thus it can only have existed during one of the 
warmer (iiucrgUdal or inteistadtaJ] stages of the Pleistocene period. 
There may be geologicaJ eirldentc enabling the deposit coataitiing the 
nsniins to be correlated with the sequence of known Pleistocene 
^matic events^ making it possible for us to tell peediti:Iy to which warm 
totervaJ the implements must belong. 

Few uiimal species are ai unequivocal in their lequitcmcnts as the pig, 
most being adaptable to a much wider range of cnvironrocnts and 
afibrding Jess idiable climatic indjeations, but ifi as is not uncommonly 
the case, there is available a whole assemblage of animals, the totxl 
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character of the assemblage and the rekdve proportions of the spcciei 
present imy lead to useful cocidusiom. 

For aidiAeoIagical periods £rom the Neolithic oavards, in which the 
Wild fauna cbscly rcsembks that of the pieseiit day, remsum of man's 
domesric an i m a ls help to £ccon£trut± the history of domesucauon^ the 
rood-lubits of the human group in quesdon and something of their 
economics and social orgaaiaadon* 

Remains of man himself are utfemdy nirely found as fossib in the 
earliest archacologicaj periods- They may be of the utmost importance 
to the study of human origins and evolution and therefore call foe 
specialist treatment. Nobody finding an cirly humitn fossil should even 
remove it fiom its position as found without first calling in everv' 
avaikbte expert witness to see It in position and vouch for its authen¬ 
ticity. The iTudy of such material lies altogether outside the scope of this 
w^otk and is for trained human palaeontologists only. 

In the Pldstoccne^ man was part of his aniinnj cnviroctmcnt and 
stftedy dependent on it, competing with the Urger cimivorcs for at 
least part of his food When hix remains are found in the fossil condition 
it is Realise, as wich the other anumls. a probably %ddent death ofver* 
took him and hJs remains bccune scattered and buried by chance in 
rapidly forming sediments- Whether Jt is that he waSp in any case, a taie 
aninutl in those earliest times, or that, because of his superior intellecl 
he was generally able to avoid acddcntml deaths the fact remains that 
human fossils arc notably scarce in comparboo with the Eemaim of 
other mammals. 

In later prehistoric rimeSp when men gathered together in soiiic 
numbers in settlements and towns, the volume of human bouc-remains 
in and about their hahitatjons greatly increases^ 

are the raw material of the physical anthropologbi who con¬ 
cerns himself with early races and who alock: js compctirnt to pronounce 
on their radal affinities. The anthropologist^ however, b sddom 
luWlf an cxcavatorp so dii t, in general, it is through the handi of his 
archaeological conifires tliat hb matcrUI Hist passes. Our obligation for 
its condition when it reaches him Is a heavy one and can only be 
properly discharged if we have the necc^ar}' outline of anatonucal 
knowledge to recognire broken and fragmentary remains in the field, 
and arc able to take the neccssai}' steps to preveat the further deterio^ 
radon of the specimens. 

To tiw: same end, if, for any reason, it is impossible to recover the 
human bone material, the archaeologist should at least endeavour to 
record some measurements in the field (p. laS ff). 

A study of ancient animal ind human bon^, then, b desirable from 
many points of view. 

To zoology and palaeontology it is essential; in archaeology it can¬ 
not be dispensed with when the cavironments of early mankind come lo 
be described and understood; to several other farandv^ uf biologtcaj 
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Bcifmce it a^focds an blitotjoi] background, wftbout which che L c ptescot* 
day pictQtea are incomplete; It has an intCF«t of its own fot any person 
able to appreciate the mammalian body as a wondetfolly designed 
working mechanism. 

Not least, it appeals to the detective Instinct In many of os, when the 
&cts pose cjuestioiRS 'how?' or 'why?' to which we would fain know the 
answers. Sometimes it is the matedal, often our knowlod^ that is in- 
sufBdcnt, when wc either cannot reply at all or can, at best, give only 
very paitiai answers. 

With bcttejvcoUected material and more workers in die iidd perhaps 
our future perfoimancc will be more impressive tl^n it has been in the 
post. 
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The Animal Kingdom 


.Of animal rilmains the archaeologist h generally diiefly concealed 
/ la^th mammalian bonw. This is partly because, in dealing with the anitna! 
marenn] of the geologically brief human period, only the m a rnmnl s 
have evolved to a sofBdcni extent to make tbeit progress a useful time- 
indicator. Mammals are also of special iatuest to Ae archaeologist be¬ 
cause they ceprcscni the most important group of food-animals for man, 
both in the hunting stage of culture and in the later food^pifodudog 
Stages. Their value as indicators of eovifoiimcnt has already been 
mentioned^ 

The felative imponance of mamimls in the economy of oily nmn 
does not, hoTVtvcf, exclude the lar^ romindef of the tnimal kingdom 
from out imetest. Invcrtchfates, fish* repdles, amphibians and buds 
have si v?aya, when available, figured largely on the human bill of fare, as 
they still do today. Where thr^ groups possess hard parts capable of 
preservation as fossils^ thdr temains, on a rite of human otmupadOD, may 
be just as infosTtifitive as those of the usually commoner mammals. If 
found, such evidence should be submitted for ccpori to the appropriare 
zoological authority^ 

Even less conq>ieuDUS conrcinporary creatures which, because of their 
small evidently played no part in man’s food-supply, may not be 
without importance as ind.icaiors of environment. Among these are 
Forattunifeta, frorn matitie deposits and the often very small shells of 
bnd^ fttrshwatet and marine molluscs, which may accompany evidences 
of human occupation in archaeological deposits. These, agaiHj must 
remain the objects of specialist study while we concentrate on the 
rrammals, hut unless the archaeologist recogn^ tbdr pmsence ^d 
collects a sample of the inateiial for expert examination any information 
which they might have yielded will be lost. 

It is not altogether out of place, thcrrfbtt, in a book chiefly a^ut 
rnammAlwft bonts, to begin with a rough outiiuc of the whole aninul 
kingdom, of which the mammals form only a small, if important, parL 

In surveying the animal kingdom we art at once flaced with the 
questions of classification and nomenclature, which together form the 
science of whieli deals with orderly arrangement of thing s 

and tlieir scact naming* To one having small acquaintance with Greek 
and Latin the scienrific titles of zoolo^cal groups and anatomical struc¬ 
tures ftte^ perhaps, somewhat alarming* The uae of Greek and Latin 
roots and forms is not mere aifcctation or obscurantism, hut provides a 
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relsdvely exact linffca frattta^ iccognizcd by zoologists the world oTcr, 
wbatever thcii dj^ent mothcr-toagucs. 

The animal the Eoglish^pcaking voild knows as a 'squincl' is to a 
Frenchman ‘^oiccuU\ to aCcrmui 'Eichhomchen', but u^cr the name 
Stikm wtf^s eeery zoologist in the wodd who is concenied with mam- 
mals knows the animal in questioa. Furthcf^ this name tells us what 
'squirrel* alone does not; that it is the red sqniirel, and not, for examp^le, 
the North Amedcan grey species, that is intended. In order that we may 
share in the exactitude and intemational comprehension which it confers 
fl sudident scquaimance with the ckssilitation and terminolog)’ of 
zoology is worth makings 

Ctassificadon 

Zoological dassiiication is guided by the anatomica] resemblances 
between animals- While no two individual men axe exaedy alike (unless 
they be idendcal twins), all men have very many physi^ features in 
common. They may be divided into geographical rarej, but aU living 
coces of men are inter-fertile and form the zoologtcaJ unit known as a 
* tptiitjf in the case of modem man labelled Homs MpitHS* 

In the past there have been other kinds of men, differing in their 
anatomy so much from present-day man as to have been assigned to 
distinct species. One of these is the extinct Neanderthal species of man, 
called Home neaodtrthaUmf, Somewhat different though they were from 
US, nobody doubts that the Neandcrthalers were men« so duic they are 
considered to belong to the same larger zoological group as ut do, the 
ffitiu I hm, 

In the still fcmoter past lived men differing so much from die Ncan- 
dcrthalers and ftom us as to have been put into different jjnimt, one of 
which is called Pititfaji/broput (ape-man). Whether this is zoologically 
jusdffablc is a matter of opinion, but the classil'icaitory principle rcinaitiB 
thesamr^ 

The genera Homo, Pi/ittaniin/m and so on are, despite their differ- 
enocs, moic alike anatomically d^ ore men, on the one luuid, and apes, 
on the other. 'Ihc roco are, therefore, classified together in a familj, 
called the Hommidoe, the apes in another, called Pongidae ox Sirniidoc, 
Puallel ztRtlogica] families are the Felidae (cats), Canidac (dogs), 
Dovidoe (catdcl Cervtdae (deer) and so on. 

Now, apes and men, cats and dogs, caede and deer are, respcxtively, 
more closely allied in didx structure and habits than are any of the three 
distinct groups which they fomi. Tlicy are thus considered to belong to 
three diikrent higher divisions, called OftiSrrr: die Primarta (first among 
the mammals), the Carnivora (ffesh-eaters) and the Artiodactyla (hoofed 
mammals with an even numh^ of toes) respeedvely. 

These Onleis, and others, all share the similarity that their members 
bear their young alive and suckle them for a while, until they are able to 
fend for themselves. All belong to the Chui Mammalia. 




THE ANIMAL KINGDOM 


*5 

With the mammak, the classes Pisces (fishes). Amphibia (living in 
either clement—water or air), Reptilia, Aves (birds), among others, all 
have back-hones with a cartilaginous (gristly) ‘notochord’, at least at 
some stage of their development, so that they are grouped together in 
the Phylum Chordata, with less obtrusive creatures, like the lancelct 
{Ampbioxus) (Fig. aa) which share this feature, though not having any 
actu^ bones. 

The phylum Chordata is one of the primary subdivisions of the 
animal Kingdom. Parallel phyla are, for example, the Arthropoda (‘joint¬ 
footed’—^including crabs, lobsters, insects and spiders), the Mollusca 
(shell-fish, with animals less evidently shelled like the octopus and 
cuttlefish), the Echinodermata (‘spiny-skinned’—star-fishes, sea-urchins 
and sea-lilies), the Vermes (worms), the Coelenterata (‘hollow-gutted’— 
sponges, jellyfishes, anemones, corals) and the single-celled Protozoa, a 
phylum which includes a few groups, like the Foraminifera, which have 
hard parts. 

The animal Kingdom stands opposed to the vegetable Kingdom, 
which includes all other living things, though ‘opposed’ only in theory, 
for the actual boundaries between them, in the range of microscopic and 
sub-microscopic organisms, are indistinct. When we descend to bodies 
of extremely small dimensions, like the filter-passing viruses, the dis¬ 
tinctions between animal, vegetable and mineral nature become 
exceedingly fine. 

To return to the animals: the subdivisions phylum, class, order, 
family, genus and species are the main classificatory heads, but others 
(e.g. sub-classes, infra-orders and super-families) have here and there 
been interpolated in the full classification to mark distinedve groups 
within the main divisions. Expert opinions often differ as to the exact 
arrangement, but the main outlines are well established. 

A recent classification of the Mammalia, based on G. G. Simpson, is 
reproduced in a somewhat abridged tabular form in Appendix B. 

Nomenclature 

Zoological nomenclature is the systematic naming of animals and 
groups of animals. It is subsidiary to classification in taxonomy, in that 
the establishment of a name does not prejudice reconsideration of 
classification in the light of increased knowledge. Its intricacies are con¬ 
trolled by a code of Rules, internationally agreed. 

The foimdarion of exact nomenclature is taken to be the Tenth 
Edition, 1758, of the Systema Naturae of the Swedish zoologist and 
botanist CSH Linne, better known under the latinized form of his 
name, Linnae us. He first established the binomial nomenclature, where¬ 
by the name of an animal species (specific name) consists of that of its 
genus (generic name) followed by a name (triviri name) difierentiating 
it from other species of the same genus. The generic name is invariably 
written with a capital, the trivial preferably with a small letter. Thus 
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tht linn is the domestic cat Ftih It LB recommcLpdcd in 

the Kutes that the Bmall letter for the name shnuld be used evtm 

tirhere the oame ilerives from a perBoml which would normally 

receive m capital. Thus Burchctr$ ^ebra is most properly dcstgnaEcd 
EtfUHi though the capital is Btil) pennisBibk. 

To the hiiiauiial designation may be added, witliout pimctuaLLOn, 
the name« or an abbreviation of the name, of the author who first des¬ 
cribed the species under that thus Fi/fj ra^Ms Linnaeus, or with 

the abbreviation of the name^ *^Linn." or even merely Tlie author's 
name may be foEowed by the date of pubhcauoUp if a matter of priority 
is in cjucatioOj thu^: Linn. 

No names in use before'171® arc valid tinlcBS established by Linnaeus 
in the Tenth Edition or subsequently resuscitated under the Rules. 
For accqjtancc as valid^ the name created for a new or spedes 

must be published with on adequate descripuon of the group, pre¬ 
ferably with a bgorc and, since 1951, a paiticuLar specimen in a col¬ 
lection must be dcsigoBited as the ^Cype* of the genus or spedeBi The 
first trivial name so published remains valid even though^ by later 
dassificF^, the speclea may be rran^ferred to another genus. The original 
Spellings even if erroneous, must be adhered to. Thus, the pcriwintic, 
Lifm/ui h 7 /ma Lianacus, is correctly so fttitten, (even though^ liuguls- 
ticsdly, the spelling TJttorina'' would be more correa) because the name 
appears in this form In the Tenth Edition. Similarly Dams 
is the correctly-formed name for the Qaeton foMiI fhllow^deer, in total 
disregard t3f larinity, because it was originally described as Cemu 
but, under the Kuks, its later tEansfcicncc to the genus Dams, 
of feminine form, does not justify the altcrarion of the original ad- 
jcctiwl trivial name even to agree in gender with its cicw substsLUtive. 

Nor may the trtvial name be chang^ at a ktet time even if an apter 
descriptive name seems prdcrable. UnnacuA described the common 
hiiiT of Sweden^ which grows a white coat in winter, by the name 
Ltptif /imidus. For a long ikat his name was commooly applied to the 
equally timid brown hare of milder dimates^ under the tnisappre- 
h^ion that thiB was the species referred to by Linnaeus. Later, the 
variable hace was described os a spedes distinct &om the brown hart 
and called L, oorik^iVi/, untj] it wm shown that it was in fact this spedes, 
and not the brown hire^ which Linnaeus had first described. Tlic aptcr 
description i-armbf/fs thus became a synonvTii, because 1 Jnnacus* name 
for the variable aperies liad priority, I1ie new name, Lipn iUfopseMf 
was, therefore, applied eo the brown hare. 

The priority rule la observed without regard to the meaning of the 
name fir^i given. The ^rmmmo^h, for example, was described by Blu* 
menbach as JE/rpAe/ primtgjfniMf (^first-bom'), but the name remains valid 
though later work on the development of the elephants has shown the 
species to be a compwariv'dy kie, extinct end-product of cvolutioo. 
not an original form, as the name implies. 
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The Intertutional Rwlcs* 2nd nuioecous Appended recommeadadon^ 
aot having the force of agreed Ruks^ are complicated stud aft revised, 
amended and emended to comet aboses and mbtinderMandinga which 
arise from time to rime. Enough has been said to show that nomen- 
clatuic, like clasiificaiion, is systematic. 

Falaeofitology 

The archaeologist is concertied not so much with living animaJs 
(save as comparative material) as with the hones lepcesenring those 
long dead. Though for the later periods of arduicology the wild fauna 
is little different from that which would be Eourishing in the present 
(save for the depredations of man in historical rimes), the dotnesric 
animals of the prehistoric period differ both from their wild ancestofs 
and from the highly bred races of today. These diflercnces are of the 
greatest Interest to the student of the history o( domesocatiafL 

In Pleiutoccne times, however* there Jived numerous spedca of 
gniiriaTi whjch, today* arc altogether ^dnet or, like the lion, for 
example, no longer inliabit Europcv In studying the evolution of li ving 
wild forms the zoologiit has to take into account the evidence from 
fossil remains of extinct spedcs, the field of the palaeontologist- Tht 
full description of the Aninml Kingdom l«w> therefore, to include 
fossil material also, SO that a time^riirnension is introduced into des¬ 
criptive acM^Iogy as well as the spatial dimeruicpns expressed in the 
present and past geographical distributions of spcacs. 

Living animal species represent the very numerous remunal shoots 
of the gcflcalc^ical tr« of life. Somewhere, each springs ulrimatdy 
from the common crunk. Each carries, in its anaiomicil atruccure and 
habit!* some bidicatinns of its relarioiiship to the iest+ The numetous 
dead twigs and branches of the tree represent the catinct spetjes, genera 
and higher grades* the actual forerunners, or the more or less dose 
relations, of die livingi^ Thus, if we are to study anatomical structures 
for the purpose of determining the species represented in the boc^ from 
archaeological sites* it is of value to know something of the historical 
Status of the main groups represented. 

Evolution 

It was Lamarck (d. iKzp) who first propounded the theory that aU 
living Species had developed by slow stages from mofc pcimjrivc and. 
simpler forms, some of which had been preserved for us as fr^sils 
from earlier geological periods. Charles Darwiu, in his V 

SpiiJts (1819)* suggested that nacuraJ selection— the survival to 
propagate thdr kind of those individuals best able to adapt themselves 
to the environment— afforded a possible means by which evolurionjiry 
changes had taken place In the jMst, The work of genetidsts has shown 
that the incchamsm of variation and inheritance is n<^ quite so 
M the early evolutionists had aupposed, since it sdU remains to be 
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shown, for example, that individually acquired characteristics, im¬ 
posed by the environment, either physical or mental, can be inherited 
by the offspring. It is, nevertheless, clear that the process of natural 
sdection expounded by Darwin is capable of perpetuating in the species 
any heritable variation favourable to survivaL 

If we still do not understand fully how evolution takes place, the 
fact that living things have evolved in the past, and arc still doing so, 
may be taken as established. This being so, we can expect the study of 
fossil forms to lead us to some indications of the course taken in the 
evolution of the living species. 

There is another approach to the problem. Study of the development 
of living individuals from the fertilized ovum up to maturity has shown 
that the individuars development (ontogeny) resembles, if without 
exactitude, the evolution of the species (phylogeny). Thus, the 
human embryo, beginning as a single cell, passes through stages 
reminiscent, in succession, of living invertebrate, lower vertebrate, 
mammalian and generalized Primate forms, before it eventually de¬ 
velops into a recognizably human foetus. Even after birth, the human 
infant retains characters, such as the powerful grasp of the hands and 
the intumed sole of the foot, which appear useless in a terrestrial 
animal destined eventually to walk erect, but which arc essential to 
survival in the infant ape, in view of the arboreal habits of its mother 
and its own future destiny. It may be concluded from this, among other 
evidence, that man had an arboreal ancestor. 

The Geological Record 

The history of the development of Ufc on earth, of which evidence 
is preserved in the rocks laid down in past geological ages, bears a very 
striking resemblance, when tabulated, to the zoologist's table of the 
animal kingdom, based on living species only. Of course the geological 
record is very incomplete. Conditions for the preservation of fossils 
did not always exist when extensive parts of the sequence of the rocks 
were being formed, and generally only those animals with durable 
hard parts arc represented, even when conditions for preservation were 
suitable. In very rare instances, as in the famous lithographic limestone 
of Solenhofen, Bavaria, even the impress of the soft parts and trails of 
living animals stranded on the then soft mud arc preserved. The 
question of the preservation of fossils is more ftiUy treated below (p. 204). 

All life is dependent, for its maintenance, development and pro¬ 
pagation, more or less directly on its inorganic environment. The 
essentials for most living forms are atmospheric oxygen, water below 
boiling-point and above freezing-point and inorganic salts. How life 
first arose, given these things, we do not know—and, perhaps, never 
shall know. As far as the evidence goes, all living things have had 
living predecessors, probably in the first stage mere microscopic specks 
of naked protoplasm, but even these composed of highly complicated 
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chemical substances which we cannot yet reproduce in our laboratories. 
Nor do we know of what life consists or how in terms of physics and 
chemistry it could have begun spontaneously. 

The geological record is necessarily blank on the subject of creatures 
so little apt for petrifaction and preservation, but it is supposed that 
the first living things were unicellular plants, like the present-day algae 
and bacteria, capable of synthesizing the mineral substances of earth, 
air and water into compounds suitable for their nutrition. 

The early geological periods from which fossils have survived show 
only marine creatures, but already in such variety and complexity of 
organization as to demand vast preceding aeons and millions upon 
milli ons of generations for their elaboration. The first animal w^as 
perhaps an organism not greatly differing from the unicellular plants, 
which, by feeding on them, was able to divert the ready-made proteins 
of the vegetable kingdom to its own uses, without the necessity of 
compounding them for itself. This short-circuit conferred on the 
creature able to compass it an ecological advantage leading to multi¬ 
plication of the species and the development of new and more efficient 
exploiters of the available resources. The animal which first preyed 
on another animal secured a further advantage over the rest of its kind, 
and so on. 

Before about 500 million years ago recognizable organic remains in 
the rocks are exceedingly rare and their interpretation is often un¬ 
certain, yet with the Cambrian period, beginning about that time, 
the seas were already plentifully populated by animals with hard 
parts—primitive representatives of all the living phyla save only the 
Chordata and one other, the Bryozoa, which is unimportant in this 
context. Thus it seems likely that the span of time for living creatures 
about which we have no direct evidence is at least twice as long again 
as that which has elapsed since the early Cambrian. 

In the Ordovician, ending about 550 million years ago, the first 
vertebrates, jawless fishes, appear. By the end of the next period, the 
Devonian, say 270 m.y.a., true bony fishes were present in great 
variety and from them, probably by way of the lung-fishes, had de¬ 
veloped the first vertebrate air-breathers, the Amphibia. Primitive 
Reptiles, the first mainly terrestrial class of vertebrates, had appeared 
by the end of the Carboniferous, about 225 m.y.a. 

Exploitation of marine environment in the Palaeozoic era led some 
species to grow big and strong, mobile and aggressive. Others rc- 
niained sedentary or sluggish but developed heavy shells or armoured 
carapaces. More, again, were scavengers, adapted to nourish them¬ 
selves with materials which the larger and more active rejected or 
excreted. Still more survived the slaughter of the weak and defenceless 
by remaining s mall, inconspicuous and exceedingly prolific, so that, 
if their tens of millions perished, a few contrived to survive to per¬ 
petuate their kin d through sheer weight of numbers. Thus, the waters 
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became so ^lled with Hfe that they could no longcf conuia 11 Socle 
spedes, cx^lonizing the shallows and beaches to escape their natural 
enctnics and hnd odier Iii?ing-space, learned to siuri^e iotecmittcnt 
deprivation of theif natural clement between ddcs and became in- 
creumgty independent of salt water. It was not the strong and swift 
predator of the Devonian seas which took the great step on to dry 
land, but an umpedolized^ soft-bodied Sung-fish, on extremely un¬ 
important ciocniber of the marin e cotomMUtf« So, also» in the terres¬ 
trial sphere, at the transition from the Palaeozoic to the Mesoaoic, it 
was the nepdies which began to diversify and proliferate and fiJJ the 
new uncxploited land Aviromneiit, but even b^ore they had reached 
their ciiniajc the next great diange had already taken place and theix 
successors were in being. Before the cod of the Carbonifciona a cum- 
parativdy obscure, generaliaed Order of reptiles had appeared, the 
Thcrumorpha (bcaat-shaped). The more entetprismg Orders became 
highly spedidized for a particular way of life, during the Permiaa and 
throughout the succeeding Mesoaoic era (Tdassic* jumssic and Creu- 
ccoufi periuds). 

The climax of reptilian drvertiry wm reached in the Jurassic, cndlog 
about no m.y.1. Many species developed, some of enormous sbe and 
fatuaitJc form, both in the vegctadafi and the carnivorous ways of life. 
Some were sluggish and heavily armoured, others of enormous bulk 
and probably chiedy aquatic in babic. The larger Hesh-eaters had terri¬ 
fying oftaya of teeth- Some of the simlki and lightcf ipcdcs had 
a bipedal gait and probably could run rapidly. Others^ again, took 
onee more to the seas and preyed predominantly on hsh ■ still more de¬ 
veloped wings and invaded the air. 

During all this rime there existed alongside chc dominonr repriics 
small primitive mafnimls, derived as early os the Tiiassic probably 
from the Thcrumorpha. Until the end of the Cretaceous, about 70 
million years ago, they remained inconspicuouiS, small in size and un¬ 
important, but apparenlly climatic and other environmental changes 
at about this time caused the extinction of whole Ordera of specialized 
reptiles and gave the monumb their opponuniry. The development of 
the t) pical mammflJiflj i coat of hair fiic^tated maXntntULUCe of a fairly 
high body-temperature despite ductuadom in the tcmp^nittife of tfaeix 
sarioundings, and this permitted continuaace of physiological activity 
in colder seasons. Abondonincnt of the egg-laying habit and the pro- 
longatjon of the rare of their young to a more advanced sragie of de¬ 
velopment also favoured survival When rhe dedine of leprilkn com- 
petition opened varied environments to its occupation Qus was 
able to pT^t ftom the chinge and soon fiflcd every available biotope 
with ty^ apedotly adapted to exploit them. 

All this did not happen at once. In the Polacocene, Eocene and 
OHgoccnc, the opening periods of the Tertiary era, tip to about 30 
m,y.a-, some of the beasts look very strange to our eyes^ being primi- 
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five and unspedaliMd, partaking in one species of die characfos of 
severaJ of the Orders which are today quite distinct in our lumds. By 
ibe end of the Oligoceoe, however, even the eye untrained in j^logy 
can recognize and distinguish in restoration primitive camivorw, 
horses, cliq>liants, thinocerrascs, deer and so on Mfhieh, if unfamikar in 
detail, nevertheless clearly show basic ieatuies which we know in their 
living descendants. 

As with the reptiles, already long before the maaimum diveisicy and 
specialization of the Class was attained, some seemingly unimpo^t, 
unspccialized branch, probably in this instance from the Ins^vorc 
Order, had the nm msinr ct-olutiomry step, foiiakiog the 

dangerous and overcrowded ground for the tneea and giving rise to a 
new Order, the Primates. The early repicacittatives of the Order to 
which WC belong leseniblcd our tret-shtews, tanicia and lemur*. 

Before the end of the Oligoccoe there are already, branched from 
ib}% modest stem, distinct monkeys and smalt apes, the latter prolsbly 
ancestnil to the living gibbonSi Dming the §o miUioji yeaE 5 or sp of 
the Miocene and Plioomc, the later Tertiary periods, dw fauna assumes 
zn increasingly modem appearance, though some famih^, such as that 
of the giraifes, for caample, appear to have attained a dev elopment ^d 
v^ety which they ha tic since loAt* Speoalizsttian has incra^csf- whaler, 
and have adopted Ln theit own dcgircs the 

aquatic way of life from wliich there can be no cvolutiojiaiy retreat* 
Tettc$trial quadrupeds such hotses and cattk have lost three or luore 
of their primitive five toes in fiivour of hooveSp highly adapted iheic 
w’ay of life, but in a cocTcsponding degree useless for any nin^oti 
locomodofi. Even the comptatively adaptmhk living apes ha^ve 
become so spcdfllkeri for life in the forest that they can progreM but 
clumaily on level ground; the cats have all hut lost their molar 
50 that^ if an animal diet should fail* they must starve. Examples esm 
be multiplied. Only man, mmoog the higher manunnkp has retainc 
most of his primitive, generalised equipment If he is but a pnor ^^OT’ 
mei compared with a scah inferior as a dtmber to a monkey ot a gi pbo^ 
fer slower afoot than a horre and vastly w^caker than an d^hant, he 
can outdo most animals in any activity save ihcic own speciahtirs an 

oat-cttanipulatc und outwit them all, - m ■ 

Wc have no positive c’ridcnoc of man^s presence befom the 
cent—the last million years—chough fcoenfly Mioeenep and ^ ^ ps 
Pliocene, great apes have been shown to have possessed teeth, 
and aoroe other features of markedly human chafacrer. Unlike ttac, 
the living apes exhihit theii own peculiar sp^aluations these 
sTTuctures. Possibly we have here creatures standing dose to the stem 
whenos man himsdf sprang, though the remaining Unks m the chain 

have hitherto eluded discovciiy* 

Primitive, but undoubted, fnen first appeat perhaps a 
years ago* ftom whom we can trace some probable fines or our own 
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descent. If lioc jmy from the caufse which evoluLion has uken 

with other groups, the primitive stem which jjjavc rise to man divided 
from that of the livkig great apes early in the conisc of their own 
diScrcntiatioiT^ so that -we may crpect to find our common ancestor 
noi later dun xht Miocene and perhaps even carliefi 

From this brief sketch of aoological evolution be drawn some 
basic principles appIiaLble, to man as much as to the 

rest of the anhnai kingdom. In the geological record we have seen 
palaeontological history repeating its revolutions^ hist with Invent- 
b rates and 6she5» then with amphibia and reptiles, then with the mam¬ 
mals as ft whole and Hoally with the Primates and nuii. 'fhe process, as 
in human history^ h one of foundation* dcvclopmaif, climax^ dcchnc 
and emacdon, or at most a much modified surviva]. A branch insignifi¬ 
cant in numbers and influence in contempomry life has its origin near 
the root of the cimendy dominant stem, w'hile this becomes more and 
more floridly diflcreiitiated and spcdalEacd cowarils its apogee. When 
condidons change ot a new vamnt cnvironmcdt h opened up* the 
groups unabk to adapt themselves suJficiemly rapidly to new con¬ 
ditions are overtaken in the race for dominance. The mote plastic and 
gcncnlizcd branches survive, fiourish in their throw out a pro¬ 
fusion of new shoots* each in succession more closely adapted to the 
particular environment, each in its turn dotimcd to extinction or 
rekgatiofi to obscurity at any serious change in its conditions of life. 

Too great spedaU^atJOn is thus seen^ in the long vlew^ to carry its 
own thrat of stagnation, or even extinction* for the group—and yet* 
while conditions remain unchanged^ chert b a premium on a Ugh 
degree of specialist adaptatiem, which the large luaiority of groups 
inevicfthl}’ pursues. In man* the gcncmlb^cd body and limbs have been 
to a large cscicnc prejen''cd. The specialization on which his evolution 
has been centred is In the development of brain, reason and intellect. 
Out of this our whole complex sodety ha* grown- Not only have we 
adapted ourselves to our environroent, we have to some extent learned 
to crtntTol it and alEcr it to our own ad^Tintage, If One may look forward 
to the future development of hunmnity it seems likely that ii is in the 
structure of human sodety that adaptive changes must follow the 
mcchoniTsirion of the environment and the breakneck speed of tech- 
nicaJ advance with which humanity has not yet learned to keep pace. 

It may appear that we have digressed lather far from the subject of 
mammaHan bones^ but the whole question of physical specialization 
and adaptation in the mammals is most apposite to our study- 

It is a fact that most living cfcatuics arc most wonderfully adapted, 
physically* to live the sort of life which their spedes has adopted. 
Whatever the irffichanism of adaptation* the form of the adapted 
structure is closely ttkted to its function Thus* a sharp-edged cheek¬ 
tooth could scaiody Ewlcmg to an animaJ whOM prindpa! diet was 
grass, which such a tooth would be quire unfitted to masticate. Nor 
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cc3ulc] ^ flntmal wichottc uppcf iiidsois posnbly «antdvc to live oa 
fi«5h, even if othendse fitted to obtlio it. So, ffom die spedsi] «tnic- 
tmes shown by bones md teeth, we m&y be able to deteemioe ibe 
spedc^ to which they belonged, or at least the larger group. 

Animal Groups of Pardculat Interest 

Though, tbeoreticaily, the arcbaeologjcat student of bones is in* 
tetesced in any animal remains which may be found in assodatron with 
acchaeologicil objects and structures, in practice the field of his in- 
tecest i* concenttaied upon the Mammalia and, within this Class, on a 
comparatively sinall number of genera and species in any Order, 

In the Old World, for example, we can s^rd to ignore completely 
those groups whose past and ptesem distribution is confined to the 
New, geographically leparatcd from us at least since early Tertiary 
times. In Europe, many of the long list of Australasian, Asiatic and 
A6iciin manunaJs may similarly be omitted as being unknown in our 
human environment, even in the Pleistocene. Again, in siudying a 
Neolithic or later site, the extinct Pleistocene spedcs may be discounted. 

Thus wc can construct, for a given geogiaphical region and archaeo¬ 
logical period, & list of the zoological groups likely to be encountered 
and to prove informative, to wWch our osteological study may be 
confined. 

For Westero Europe, such a list, based on Simpson's classification 
(sec Appendix B),would perhaps read as follows:— 

Infra^laii Eucheda ('true beasts'). 

Cohort Unguiculata: die } Orders inseedvora, 

Quroptcra and Ptimaies. 

GUres: the Order Rodentia. 

Mutica: perhaps the Otder Cetarca. 

Fcrungulata: the Orders Camiv^a, Pro- 
bosddca, Pertssodactj-la, Aitiodactyla. 

Taking thfjte Orders one by one and subdivtdiog, the significant lower 
groups may be much reduced in numbers, as follows;— 
msficnvOKA. The only members of rfiis, the most primitive Order, 
likely to be of interest to the atchacologisi ate the genera Taipa (mole), 
Sortx (shrews) and E/inaetits (hedgehog). 

cntnOFTiiiiA ('hand-wioged’, bats). These arc rarely found as fossik, 
save in caves, and should, in any case, be studied by a specialist. 
list for Western Europe would probably inctude only Ihrhrg European 
species. 

pnncATES. Apart from man, the only fossiU of possible interest to 
archaeologists are very rate Pleistocene monkeys and even nuer anthro¬ 
poid apes. These would certainly be confined to the eadiet Pleistocene . 
Man we shall study in tome detail because his remains, as bu ri al s or 
exemarions, are not oncommon from the Mesolithic onwards. The 
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Study of Pleistocene bumao remains, or of other extinct Primates, is a 
subject for the expert palaeontologist. 

RODENTiA. There are very many possibly significant genera and spedes 
in this varied and widespread Order. Their detailed study is a specialist 
matter, but accjuaintance with some of the genera of larger bodily 
dimensions would not be out of place; among these are, Castor and 
TrogOHtbtrium (beavers), Sciurus (squirrel), Leptu (hare), ^fy 6 des (lem¬ 
ming), Arctofsrfs (marmot). At least rodent remains should be recog¬ 
nized as such by the student. 

CETACEA (whales, dolphins, etc.). Occasionally, through chance, cast- 
up spedmens, members of this Order became the food animals of 
prehistoric man at coastal sites. Owing to their marine habit they were 
never economically or environmentally important until man became a 
seafarer. 

CARNIVORA. Many extinct and living spedes are of interest, mainly 
terrestrial (the Fissipedia—‘divided feet’) but some aquatic (Pinnipedia 
—‘paddle-footed’—seals, walruses, etc.). The latter, like the whales, 
are likely to be encountered only on coasts and by estuaries. Carm- 
votes are regularly associated with man from the earliest times, re¬ 
presentatives of the Families Ursidae (bears), Canidae (dogs, wolves, 
foxes), Mustclidae (marten, badger, stoat, weasel, otter (L«/rtf) ), Felidae 
(lion, lynx and other cats). Hyaenidae (hyaena, especially in caves). The 
Viverridae (e.g., dvet, mongoose) appear in Europe only in the south 
and east, within human times. The Procyonidae ate almost entirely New 
World (raccoon), but isolated specimens attributable to the family are 
known from the late Pliocene and earliest Pldstocene in Europe, 
e.g,, Parai/urxs from the Red Crag. We shall have to examine members 
of most of these groups. 

PROBOSCiDEA. In Africa, the extinct Dimtberium, really a Pliocene 
type, was the contemporary of early man, and in Europe Mastodon 
similarly survived into the First Interglacial (horizon of the Cromer 
Forest Bed). However, we arc generally concerned here only with the 
true elephants, the temperate-climate species, Elepbas mtridsonalis^ 
E. antiquus and E. trogsnthtrii and the cold-climate mammoth, E. 
primifftuttSj now all extinct. 

perissodacttla (ungulates with an odd number of toes). Only two 
Families of this decadent group concern us in this context, the Equidae 
(horses) and the Rhinocetotidac (rhinoceroses). One extinct genus 
of Equidae, Hipparion, the three-toed ‘horse’, just survives into hu m a n 
times, though properly Pliocene. The true horses (Equus), including 
asses and onager, survived in the wild state in Eastern Europe up to 
recent historic times, but, in the West, became extinct before the end 
of the Pleistocene. The domesticated horse arrived from the Near East 
with Bronze-Age invaders. 

The Rhinoccrotidae have all been extinct in Europe since the Pleisto¬ 
cene. Three temperate-climate species and one of cold periods arc of 
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importance: tttpcciiTely, Dianrbima ttrusiss, D. kinhhtrffusij 
itptvrhiitm), D, and the woolly ihinocccos^ Tkb>- 

rhimti They are valaablc as indicators of climate and en- 

vkonment, and the finr Is lioiited in time to the Fhocenc and Pint 
Interglacial. 

ARTiODAcmA (cvcn-toed ungulates). This eatrctnely widespread and 
euied Order embraces all the larger herbiyores, apatt from ihe above. 
Two sub-Otders interest us;—(i) the Suiformes ^pig-shaped'), repie- 
aented in our region by Stu lerofa^ the wild pig, requiring temperate 
forest, and Hippopotamus smphit^tu^ a member of out freshwater 
fauna up to the IntergUdol. The presence of the latter is a gua^- 
lee of a climate with mild winters, (i) the Kuminantia. The Families 
Cervidae (deer) and Bovidac (tattle) indude many gencta, of which the 
following are of importance to us in Western Europe: Cervidae. 
Dama (lacimianuSi an eitinct fallow-deer, is dated with soine eeitainty 
to the Great Interglacial. D, daiua occurred in the East Interglacial, 
died out, and was, it seems, re-introduced by the Romans. Ceffm 
tlapbiu, the red deer, ts properly a forest animal. Its modem con¬ 
finement to mountain and mooriand is the work of civilizadon. 
hUp/Stms tHijctnu^ the giant deer, ranges from the early Plcitiocene 
up to the Alleidd period of the early Postglacial, at which time it was 
very plentiful, especially in Ireland- the elk, is a bark-feeder and, 
therefore, an estdusively forest animal, in Britain it is known in the 
Mcsolitliic but sumvea today in eastern and northern Europe. Rdw^i/rr 
tanuuiu/, the reindeer, is a dweller in arctic and sub-aictic surroundings, 
it is, therefore, certainly indicative of cold climate wherever it is found. 
Caprtolm taprta^ the toc-dcci, is today confined in Britain to Scotland. 
It is another forest species, was not uncommon in the south at 
least as late as mediacv^ times, and survives on the Continent. 

Bovidac, jub-fani. Bovioae, includes two important genera; Bes 
(cattle, bofo wild, fl. pnmiffitius, and domesticated, B. tatmu) and flow, B. 
priseut^ the extinct latge-homed bison, and B. bemtsta, the European 
living bison, possibly still just surviving in the wild state, or only 
extinct since about 1940, save in zoological gardens. 

Sub-family Caprinac. The genus Gj^oj (goat) both wild, e.g., C ibtx, 
and domesticacH, C. Airew, are almost indistinguishable save by 
fairl y complete skulls or horn-cores from Oas (sheep), which is un¬ 
represented by any European wild spedes. The mouflon, Oww musiirnn^ 
of the Near East is probably, in part, the ancestor of domestiGated 
breeds. Ovibos rttoxhatus^ the mush-os, is a former lepiesentative of the 
mib-arctic fauna in Western Europe. It is now restricted to sub-polii 
regions. the chamms, is today confined to the Alpine region. 

In the Pleistocene it was more widesptcad and oocuss with Upper 
Palaeolithic remains. So also for the saiga-^antelope’, a branch of the 
some sub-funily, Jitr^ tariarifa. This is a cold-sceppe dweller, now 
oecuiring only in Siberia. 
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The Vcrtebme and 

Mammalian Skeleton as a Whole 


Tt€E 01* THF. CiAs& Mammaua is a somewhat spcdulized 

and improved version of the generahged vertebrate skdeioo^ Most 
vcftebcates have a largely ossified Intetnal skeleton, coEifcrring 
rigidity on the body and limbs yet peimittiog free movement at the 
aracuktions of the bones. This is in contfast with the 

txQjkele/^ of the mrhropodSr which forms a hard^, jointed, chitinous 
armouf endo^ng the musculamic and soft parts. Such an exoskdeton 
has the disadvantage that it must pcdodically be Bbed as a whole and 
be renewed in a larger size to enable the animal to grow. The cn- 
doskclcton, therefore^ if not afibeding comparable protecdoti^ Kpre- 
seats a practical advance in organtzadoOi m that it permits greater 
latitude of mavement at the joints, emnofnbes marerxal and does not 
interfere with the continuous growth of the body to its adult pro- 
porcioDS. It also has important protective functions. 

Some descriptive terms used in anatomy must be iniroduced here. 
They gready kdliiate exact descriprion and pfevent mistakes and mis¬ 
understandings which, without them, could be avoided only by con¬ 
tinual explanation and circumlocutions. 

The body in the vertebrate is, save for the viscera (interoal organs)i 
bDatcrally symmetnciJ about a median plane. This plaj^ passes roughly 
along the sagittal (fore-and-aft) sutum in the roof of the skull and is 
called the plant (abbreviated to Other planes 

patallel to it and structures lying in such a plane are also described as 

A structure relatively further to one or other side of the m-S-p- is 
described as laumL One which is relatively nearer to it is called 

m/ The terms p^sierior^ supfricr and though widely 

used when their meaning is not in doubt, oiay be ambiguous^ according 
to the attitude of the animal or part of the an jir ta l described* What is 
the "anterior' surface of the trunk in man, standing erect, becomes the 
inferior* surface in a quadruped on all fours and might be regarded as 
the ^superior' in a sloth, which habitually suspends Itself upside down I 
W^t is meant by the ^superior* surface of the hand depends on the 
ittztude ki which it is held. In human anatomy these terms are used to 
denote the relative situation of stnicturcs, on the understanding that 
the subject is standing erect, arms at the sides and palms of the hands to 

as 
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the front. Where we ire dealing with quadrupeds as well as man the 
terms dorsal (towards the back), ventral (towards the stomach), cramal 
or oral (towards skull or mouth) and caudal or aboral (towards the tail 
or away from the mouth) are more exact. Transverse (aAwart the body, 
at right angles to the m.s.p.) is a useful term. It refers to orientation 
rather than position. 

describing the limbs, the terms proximal (close to) and distal 
(distant from) are used to convey the position of structures relative to 
the vertebral column. Thus the proximal end of a femur (thigh-bone) 
is that which articulates with the pelvis, the distal end that which meets 
the dbia (shin-bone) at the knee-joint. The proximal phalanx (^joint*) 
of a finger is the bone next the joint at the knuckle. 

Special descriptive terminology is also necessary for hands, feet and 

te^. 

v-^iiands, feet, paws, hooves, flippers or parts of the wings (in a bat 
or a bird) are collectively described as extremities. The forc-extremiiy 
is called the manus (hand) and the hind-extremity is called the pes (foot). 
This terminology is not affected by the special form taken by the 
extremities in a particular case. The manus, whatever its attitude, has 
a palmar and a volar (back of the hand) aspect and surfiux; the pcs a 
plantar (sole) and a ^rsal (back). 

In teeth, the five ordinary aspects arc described with reference to 
the M.S.P., the tooth-row being considered as extended in a straight 
line laterally from it. The surface of a tooth facing the m.$.p., in this 
conventional attitude, is described as mesial (towards the middle); 
that facing away from the m.s.p. is the distal. T^ surface presented to 
the tongue is the lingual\ that facing the check the buccal. TTic chewing- 
surface is called the occlusal (closing against its opposite number), a 
term which is unambiguous whether the tooth belongs to the upper or 
lower set. The aspect from the root-end of a tooth, not frequendy 
described, is the radical aspect. These terms are equally applicable to 
denddons as different as those of man and elephant. 

*Prone* desenbes the posidon of the whole body lying face down¬ 
wards, * supine* that when it is lying on the back. The terms arc extended 
to the palm (‘face*) of the hand when the forearm is bent upwards to a 
right angle with the upper arm and the palm turned respeedvely 
downwards and upwards (*in pronation’ and *in supinadon*). 

A joint between two bones is said to be flexed when the fa^nes form 
an angle, extended when their shafts lie more or less in the same straight 
Une. In addidon to flexion and extension, the limbs in less specialized 
mammals, pardcularly in the Primates, can be abducted (arms spread, 
legs straddled) and adducted (arms at the sides, legs together) as well as 
somewhat rotated on their own axes. These latter movements arc very 
restricted in most quadrupeds. 

The main axis of the vertebrate body originated as a mere cartila¬ 
ginous rod, the notochord. In a primitive aquatic Chordatc like 
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Fig 2. Some varied living members of the Qiordate phylum: 

(a) Ampbioxus (pp. 25, 39), a lower Chordate; (b) Gurnard (p. 39), 
a nurine fish; (c) Mud-sapper (p. 30), a fish of pardy terrestrial 
habit; (d) Crested newt, a tailed amphibian (p. 39); (e) Frog (p. 39), 
a tailless amphibian; (f) Lizard (p. 39), a reptile, altogether terres- 
trial; (g) Walrus (p. 40) a marine mammal; (h) Giraffe, a specialized 
terrestrial mammal (pp. 40, 105). 
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AmpbhxMs (the lancelct) (Fig* xsi) this con^tutcs the whole skdctofi- 
In the itue vertebrates the aocochofd is supcfsedcd, at least in the adult 
individtuilj hj a chain of ossiEeatians whj^ have taken pkee round it* 
These ossjlicadons aie the bony bodies of the iwrtrArjsr. Domally from 
the b€:Kly of csdi vertebra spdngs an acch enclosing a large foramen, 
or opening, through xvhieh the spinzl ehotcl passes. The conjoined 
arches of the venebrac form a jointed bony tube enclosing this nervouj 
sujs of the body, protecting it £siom injury while permimng a small 
amount of movement botween adjacent vertebrae arid providing 
foramina for the passage of nervous and vascular (vessel) branches 
between each pair, leading to other parts of the body* T"he whole 
struaure is called the mnd is prokingcd postciiociy in 

most Species Into a mote or less weU-dcvelop^ tail* 

To some of the vertebrae arc attached On each side fibi^ which curve 
round the sides of the trunk and meet vcntrally,. cither diiecdy or 
through costal (rib) cartUages (cftitikgtnous prolongations of the 
actual bony ribs) with the iferm/M (breast-bone)* Tcgetber^ these 
structures form a capacious bony csgCj called the fi?craxy whicb endoseSp 
protects^ and to a variable extent suppoitSi the vital organs^—heart and 
large blood vessels* lungs and digestive organs. The skull, vertebral 
column, ribs and sterntun form the axia/ jAiJi/oa* 

To the aak! skdeton arc attached two pairs of appendages* in higher 
vertebrates the limbs, in fishes forming fins. These constitute the 
appcnJi^/nr ikrlefm. IJmbs are evidently derived from fbs by the 
processes of cvolutioti. Some reptiles^ such as the snakes and slow- 
worm (really a llxard) have secondarily lost the limbs. Even some mam¬ 
mals, cBpcdally those which have adopted a permanendy aquatic habit, 
such as whales and seals* have much modified Jimb s, and the former 
iiavc only usdesa vestiges of the hinder pair. 

Intennediftte funcrional steps in the development of limbs from the 
paired fins are seen among living fishes—^thc gurnards (Fig. lb) 
bottom-feeding sea fishes which ^walk^ on the extended rays of the 
pectoral (breast) fins, and the partly terrestrial mud-sldppera (Fig* ie)> 
whidi progress when out of the water in a series of hops, propelled and 
supponed by the pectorals, j 

Another step in limb development is seen in the amphibia, e+g-, 
newts and frogS| and in some lower rcpriles. In the newt, the limbs are 
licde used in progression* even in the vyatcr, the taUp as in fishes, being 
the prindpal organ of pEopuIsion* Out of water newts can do licde 
more than crawl on their bchica* propelled, but not really supported* 
by the weak limbs (Fig. zd}* The frog is* of couise* much beuer adapted 
to land life (Fig. ze). Both fort and hind limbs stand out at right angles 
to the tronkp the bwd at the kn« and dhow beingp in both cases alik^ 
in a trauAverae and ddrso^veniral pkmc* This condition is also seen in 
the tortoises and lizatds* For a terrestrial quadruped the arrangement is 
obviously ill suited* mechanically* to rapid or sustained progression* 
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and is uneconomical of muscular energy owing to the lateral distance 
of the point of support from the load. 

A further development is to bring the points of support by the ex¬ 
tremities well under the body. It was first achieved in the more active 
reptiles by a rotation of the forelimb at the joint with the shoulder- 
blade, so that the elbow pointed backwards, and a similar forward 
rotation of the hind limb at the hip to bring the knee forward. This is 
generally accompanied by a further rotation of the distal segment of 
the fore-limb (forearm) so as to bring the manus to point in the direc¬ 
tion of progression, as does the pes already. A mammal in which this 
second rotation has apparendy once more been reversed is the walrus 
(Fig. 2g), in which the manus is turned backwards when the animal is 
ashore. In all the mammals with which we arc concerned the permanent 
attitude of the fore-limb includes this second rotation or, in some 
species with separate movable forearm bones, it is attainable volun¬ 
tarily by the movement of pronation of the manus. 

The Mammalian Skeleton 

The Qass Mammalia includes such diverse terrestrial animals as 
horses and men, elephants and pygmy shrews, giraffes and tigers. Some 
arc specially adapted to marine and arboreal or aerial life, such as whales 
and manatees on the one hand and monkeys, squirrels, flying phalangers 
and bats on the other. Despite their enormous differences in size, form 
and habits, all conform to a common pattern, pointing to their original 
derivation from a single ancestral mammal which had developed that 
pattern at an early stage. The original placental mammal was doubdess 
a terrestrial quadniped, probably of sn^ size. It had four more or less 
equally developed Umbs with five toes in manus and pcs and probably 
put d^ whole sole of the foot to the ground in walking. It had a coat 
of hair to assist maintenance of a constant high body-temperature and 
a longish, unspecialized tail. Qiaracterisdc anatomical details included 
only seven cervical (neck) vertebrae, a brain large in size for its stature 
in comparison with the contemporary reptiles, forty-four rather simple 
permanent teeth in four characteristic functional groups and a number 
of soft structures which do not gready concern us in this context, such 
as a diaphragm muscle separating the thoracic from the abdominal 
cavity, a four-chambered heart and mammary glands. 

The structure of all living and extinct placental mammals is based 
on this generalized pattern. Very great changes in bodily size and pro¬ 
portions have taken place in some orders and families and speciali¬ 
zations for particular habitats and ways of life have been adopted, 
but such changes in the basic pattern as have occurred have all been 
in the direction of simplification, degeneration, and even loss, of some 
of the structural umts. Whalebone whales, for example, living in the 
sea and feeding on plankton, chiefly small crustaceans, have no need 
of a hairy coat, tee^, claws or even of hind limbs. All these struc- 




Fig 3. Skeletons of some mammals, primitive smd specialized (p. 4^ ff)» 
(a) Insecdvore (hedgehog); (b) and (d) Rodents (beaw, rat); 
(c) a Chiropter (bat); (e), (f) Rssipede <armvorc8 (cat, badger); 
(g) a Cetacean (Gre^iland whaJe); (h) a Pinnipede carnivore (seal). 
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turcs have degenerated almost to vanishing point, though vestiges of 
them are found in very young individuals and, in the ease of the hind 
limbs, persist even in adulthood, though useless and not even visible 
externally. Nevertheless, the whales, with their seven cervical verte¬ 
brae, warm blood and mammary glands, speak eloquently of their true 
mammalian nature and ancestry. In land mammak the most usual re¬ 
ductions attendant upon specialization are in the numbers of toes and 
of teeth and in the posture and development of the limbs. 

The Orders which arc least specialized, and which, therefore, most 
closely resemble in structure and habits the original generalized 
quadruped mammalian ancestor, include the Inscctivora, the Primates, 
many rodents and some of the less specialized carnivores, such as bears 
and badgers. All these have the full complement of toes and walk 
habitually sole to the ground—^thc plantigrade gait (Fig. 3, a, b, d, f). 
Their dentitions, however, are all somewhat specialized and reduced, 
particularly in the case of some of the rodents, and few have the com¬ 
plete dentition of forty-four teeth—the mole, among the common 
insectivorcs, is an exception. 

The next stage in terrestrial limb-specialization is that of the digit- 
grades^ the toe-walkers, including most of the Gunivora, c.g., cat 
(Fig. 3c) and dog. The rise to the toes has been accompanied by a great 
increase in length of the foot-bones and this *highcr-gcarcd’ lever 
enables the animal to run more quickly and leap further than the com¬ 
parable plantigrades. In the matter of teeth, a high degree of speciali¬ 
zation for flesh-eating is the rule, generally associated with severe 
reductions, especially loss or degeneration of molars, these grinding 
teeth being inessential for a purely flesh diet. 

In parallel with the improved speed afoot of the flesh-eaters, their 
prey, the larger herbivores, have carried the process of limb-speciali¬ 
zation a stage further, engaging ‘top gear", as it were, by rising to the 
very tips of the extremities, the nails of the toes, which have become 
much modified as hooves. These Ungulates, or hoofed mammals, are 
without exception ungdigradt^ hoof-walkers (Fig. 4), using the last 
inch of length in their limbs to increase their speed and relying mainly 
on flight to escape predators. Extreme specialization of herbivorous 
teeth and reduction in number of toes has been attained in this group 
by the horse. 

Ungulate specialization, with the accompanying increase of terrestrial 
speed and agility, depends on reduction in adaptability to any other 
limb-function save progrcssioiL The horse, an aniii^ of the dry 
steppes, is ill-adapted for boggy or rocky ground and could, by no 
stretch of the imagination, dig a hole or climb a tree, activities which 
arc commonplace in the carnivorous dog and cat, respectively. Without 
grass, catde carmot survive in nature, but a bear can make a livelihood 
out of berries, roots, fish suid small game where more substantial fare 
is lacking. 
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VERTEBRATE AND MAMMALIAN SKELETON 

Specialization, entailing, first, loss of full function and, ultimately, of 
the bony structural units themselves, is a long process and once achieved 
by a species is virtually irreversible. We have already glanced at the 
whales, a highly successful retrogressive adaptation to the conditions of 
life of a fish. The fishes at least have ventral fins and, should some 
watery cataclysm destroy all terrestrial life, it is not inconceivable that 



Fig 4. Skeletons of four Ungulates: (a) elephant, (b) rhinoceros, (c) hippo¬ 
potamus, (d) musk-ox, showing reduction of toes with increasing 
specialization—5 toes, 3 toes, 4 toes, 2 toes respectively (p. 4^)* 


their progeny should eventually repopulate the dry land, as once it did 
before. An air-breathing leviathan, lacking all but functionless vestiges 
of the hind limbs and their connections with the trunk, even though less 
remotely related to a four-legged terrestrial form, would clearly never 
compass that feat of cvolution-in-reverse. Even the almost exclusively 
aerial Chiroptera, the bats, would be better suited for the role. 

It was not the highly-specialized ungulate stem, nor even those of the 
adaptable carnivores or successful rodents which gave rise to man, the 
most advanced mammalian experiment of Nature to date. Far back, 
some small insectivore with omnivorous habits and teeth, with all five 
toes, a plantigrade gait, a collar-bone and separate forearm bones 
rise to the Primates. Progress in physical evolution demmds plasticity 
of structure. Such a beast as we have imagined for the Primate ancestor 
has all the structural essentials of man—the only changes necessary for 
the transmutation are of proportion and degree, not of kind. 

Man’s particular specialization is in brain. Reason is essentially flexib e 
and adaptive and we have not yet seen the limits of its achievements even 
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ia the most unpromising physical and mental environments. Neverthe* 
less, the giant intellect unsupported by a manipulative hand would have 
been impotent to construct tools and inanimate engines. The hand, in its 
turn, depended on erect posture, emancipating the forelimb from the 
relentless task of locomotion, to which in most quadrupeds it is the 
slave. Indeed, it seems now that we have, in the South African fossil 
Australopithecinac, a stage possibly parallel with the direct line of 
human evolution where the erect posture and the free hand have been 
attained while the brain sdll lags behind. 

And so, save for his adaptable hands and brain, man is a rather 
primitive and unspedalized mammal. In view of this, and because our 
own bodies are somewhat familiar to us all, human anatomy makes a 
good starting-point for many comparative considerations of ma mmalian 
structure. 


In describing human bone-anatomy reference has from time to time 
been made to other, lower, members of the mammalian Class. Among 
others the dog is much used in comparison, the reason for this choice 
being that the dog is not only a beast f amilia r to everybody, but at the 
same time is a fairly typical and not too highly specialized quadruped 
which may, with reservations, be taken as representing many others. 


4 

The Skull, 


As THE LEADING PART of thc bodily Rxis, thc skull has three important 
functions:— 

1. To enclose and protect thc brainy relatively large in thc mammals, thc 
highly-developed nerve-centre and control of thc whole organism*This 
delicate organ governs not only the voluntary actions of its owner but 
also all thc many automatic unconscious and instinctive motions of thc 
b ody and limb s^Its mechanical support and protection from outside 
in)ury arc therefore vital functions* 

2, To accommodate the specialized sense-organs, those of smell, sight, 
hearing and taste, thc sense of touch being unequally distributed over 
thc whole body, but developed in a particularly high degree on^c 
surface of the face and in thc mouth-parts, especially thc tonguc-'^Thc 
location of thc most sensitive receptors at thc extreme anterior end of 
thc animal is obviously an important feature. 

5. To thc feeding appa^tus. . Thc mouth and jaws, aided to a 
variable ^tent by thc fore-limBsTarc chiefly concerned in seizing, hold¬ 
ing, cutting up and masticating food, thc presence of which has first been 
perceived by thc sensory organs^ Apart from taking food, thc mouth- 
parts arc, in many quadrupeds, the only available instruments for 
grasping and manipulating inanimate objects^ 

The proportions assumed by a mammalian skull depend on thc 
relative importance of these three functions in thc life of thc animal#In 
most quadrupeds thc more primitive of thc senses, touch and s mel l, arc 
very highly developed. Smell is often particularly acute and is used both 
to locate and distinguish food and to warn of thc approach of enemies or 
friends, besides being a source of general information about thc sur¬ 
roundings. Touch comes into play only on contact or near-contact. In 
quadrupeds much dependent on smell and touch, c.g. those of nocturnal 
habit, thc exploring nose is relatively long. Much of thc behaviour of 
lower mammals consists of automatic or instinctive responses to 
stimuli, so that thc cxrcbral part of thc skull docs not need to be very 
large to suffice in its role of brain-case. Consequently, thc semory and 
feeding part of thc skull, thc facial part, is large in proportion to thc 
cerebral part. 

In arboreal animals, thc emphasis is on thc sense of sight rather than 
on smell, so that a long snout which partially interrupts thc field of vision 
would be rather a liability than an asset. Motor dexterity and intelligence 
arc more helpful than an acnite sense of smell, so that, in thc Primates, 
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the snout tends to be short and the brain-pan relatively large. The cor¬ 
relation of terrestrial quadruped habit and the development of the 
muzzle is well seen in the baboons, which, of all the monkeys, are the 
least arboreal and have the longest snouts. This is evidendy a re-adapta¬ 
tion in an animal of arboreal ancestry to life in open country. The short¬ 
ening of the muzzle consequent on raising the nose far from the ground 



Fig 5. Skulls of horse and man, in profile, to show difference in cerebral 
and facial development. The line in both cases passes through the 
point of junction of frontal and nasal bones (nasion) and the anterior 
margin of the foramen magnum (basion). The brain-case lies above 
it, the face and jaws below it. 


is most clearly seen in modem man, with his large brain, small nose and 
vertical face. Though terrestrial in habit, his presumably arboreal 
ancestry has promoted an erect posture and fostered reliance on sight 
and sound to the almost complete exclusion of the sense of smell. On re¬ 
turning to the ground, his ancestors, unlike the baboons, never again 
dropped their noses to pick up scent. The hands being free, the jaws arc 
no longer needed for fighting, catching and holding prey. The cerebral 
part of the skull is very large, occupying some two-thirds of the area of 
the lateral profile, while in the horse, a highly specialized terrestrial 
ungulate, the proportion of brain-pan to the whole profile is less than 
one-fourth. 

Thus, the relative proportions of the cerebral and facial parts of a 
skull are some guide to the cerebral status and habits of the animal. The 
boundary between the parts is roughly taken as a straight line drawn 
* between the junction of frontal and nasal bones and the anterior margin 
of the foramen magnum (Fig. 5). 

In quadrupeds the direction of progress is a continuation of the m ai n 
axis of the b^y. The cerebral part of the skull necessarily lies in this line 
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artfl tbe Bidal parts, pralonged into a more or less long sooat, Ue in &onc 
of it- In man, on the other hand, and tn a lessee eatent in the great apes, 
because of the erect posture the base of the skull has aoc^uJtcd a flexure, 
90 that the facial parts, instead of lying in the same geneni Hoe as the 
vertebral rrtltimn and the cerebra] part of the skull directly attached to it, 
tend CO come lathct ventral to it. In this way, the face continues to be 
directed forwards on the new line of progress, though the main aids of 
the body has been raised to the vertical positioo. 

Though this striking difierence appears, sopcrficiaUy, to rest on some 
basic diffcicnce in structure, the impressitm is mistaken, for it is due en¬ 
tirely to diffctences of pfopordon and fonn in the hcimologous bones. If 
we compare, bone for bom^ the skulls of man and of a dog—a fairly 
generalised quadruped—it readily be seen that this is so (Figs- 6 

and 7)« 

The human skull as a whole (Fig, 6 p. 45) 

The skull consists of two main parts, articulated together, the //afAtw 
proper and tbe martdiblt (lower jaw). 

The ciaaiutn may be convenlendy divided into two regions, the 
tenbral, containing die brain, and theylmW/ parts. The cerebral part has a 
vault, or roof, and a base, side walls and a strongly-curved posterior 
(dorsal) wall The facial parts are well defined estcmally, but internally 
their boundaries ate less disdnet, some bones contdbutiiig both to tbw 
btiin-casc and to the orbits (eye-sockets) and nasal stiuctiiies. The two 
latter are, stdedy, put of the face. 

The vault of a human cranium, deprived of the base and fiicc, a con¬ 
dition not nncoinmon in fossil skulls, is called a adottt (Fr. ikulJ-cap), 
ealvaritiin (plur- or faAfsfia (plur, fjiiA'flrMr). The C^ford Diction¬ 

ary gives both of th^ latter altexoatives. 

The cranium is formed of nutnemus bones, meeting, generally, cd^ 
to edge and there ioined, but not in youth fused (synostoii^), with their 
neighbours at more or less complcily dendculate jaturet (seams). The 
general coutsc of tltose sutures is very constant among different indi- 
vidnals, though the detail varies gteady. 

Sutures, save for those of the vault which have special names, are 
known by a designation confounded of the lumes of the bones meeting 
at those sutures, e.g. 'sphcnotemporal' suture, 'frontotnalar' suture or 
*mter-na9al' suture- 

Some skull sutures are obliterated in later lifie fay synostosis of the 
adiacent buncs- When the course taken by synostosis in a spedes has 
been well studied it is possible to esdmaie the age of an individual fay 
study of the degree of obliteration of sutures (p. air). 

The cianial bones are not solid, but have relatively thin rmsrr and 
mttr tahhi of dense hone with a cancellous (spongy) bony dssue be¬ 
tween them, called the £plat. This atiang mrten t has the functional ad¬ 
vantage of great strength and resistance to catemai pressure whiJe 
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saving weight. Some slight yielding or ehstidty at the open sutnna 
between the bones also has a protective efiiset. 

The thickness of the bones of the brain-ease is vaeuble, being Jess 
where they arc deeply protected by musdes and salt tissues, as at the nape 
of the neck and at the tenupleB, greater where it is iciiiforced by little 
save the thin scalp, as in the vault. The thickness, even of the vault, also 
yaiies gready among individuals, according to age, sex and build. 

The most striking feature of the cranium in man is the extensive, 
almost globular, brain-ms^ wider behind and narrowing somewhat to 
the temples in front- The forehead {Jrortfai rtpirn) rises more ot less 
steeply from the brows. Behind there is a narrowing {paii-vrhiiei ton- 
on each side of which lies a considerable depression 
y/oifa), bounded on the vault above by a pair of arched lines (te/aficral 
JifKS) and bridged by a horiKonial bony ari^ itrefi) meeting the 

side-wall of the brain-cosc again above the car-hole (txfenta/ auditor 
mahd). These side-walls {itafaral are mote or less vertical and 

form, where they meet the transverse curve of the vault, something of a 
blunt angle. The back of the ctanium {ecdpuf) is rounded both in the 
sagittal and a hoiizontaj transverse plane. 

Below tlte brows are the large, conical, furward-iacuig eye-sockeis 
(aritf/r), between which the more or Jess prominent bony bridge uf the 
nose bounds from above a pear-shaped nasal opening {aptritffa piri-^ 
hrixit). Below this the dental arch, closely set with teeth, auttounds a 
somewhat hollowed open-horaeshoe-shaped bony palate, which termin¬ 
ates sharply behind at the postedor opening of the nasal cavity (par/nvor 
n^m). 

The base of the cranium shovrs a complicated array of prominences 
{jiTKtssfi^ for muscular attachments and Openings (joramind^ fur the 
transmission of vessels and nerves. The most striking of these latter 
is the great opening {foramtn jw^kw), by which the spinal chord issues 
from the base of the skull and which is Banked by two rounded articular 
processes (wet^W cottdjks) for the attachment of the skull to the 
vertebral column. The mandifalc articulates at two shallow depttssioos 
(g/mitw/ fdiiat) just in front of the ear-holes. 

In describing or measuring tlic human skuB it is considered as being 
poised in its natural ttritude of carriage. This attitude is assumed when 
the upper margins of the two ear-hoLes and the lowest point of the 
margin of one* orbit (h^ra-arkitel fx'mi') are all brought into the hori¬ 
zontal plane. The plane defined by these three points is called the Fra/ik- 
fort pUntt^ the definition having been internationally agreed at an 
anthropological congress held in that city. 

The four truc-profile views of the skull from points in the Frankfort 
plane are called the Korms faeialis (full face view), the two tu/rwae htrrates 
dniitra tt dtxtrn (left and right side views) and the ti^rma otcipitalii 

* Owing to slight asymmetry it may not be possibfe to bring /evr points 
(including both infra-orbital points) into a Single plane. 
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Figs 6a, b, c. Sk\dl of man in five standard attitudes: (a) Norma lateralis (aim), 
(b) Norma verdcalis* 
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(back view). Tile rtmakung two vieu-s, at right angles to these, &om 
points in the respectively' above and below the skull) aie the 

Pfr/if^tj aod the ft&rma (Fig. 6). True compadsoci of ?kolls 

is possible only when they mc Tiewed or represented in the standard 
attitude from defined viewpoints. 

CRANIOMETHtC TOtXTS 

In cneasudng, describing acid comparing skulls the physical anthro¬ 
pologist uses ^ number of points of reference readily identifiable in 
moat specimenSj which have received spedal names. Some of those 
most cormnoiily used aie defined below^ Tbeir po&itioiis are indicated in 
Fig. fi. Some definitions apply only to skttUs oriented in the Frankfort 
plane. 

TOIHTS IH THE 

NajfM, The point of junction of the ficonto-nasal and inter-nasal sutures, 
the root of the no^. 

G/ahiU- The most anterior point in the miJiine at the le^-el of the 
supfa-ofbicaJ ridges^ when the skuil is in the Frankfort plane. 

Brrjima. The point of junction of the coronal and sagittal sutures. 
Lanfhda, The point of junction of the sagittal and lamhdqid su^turcs. 
Ofiisthoeranhn. The most posecrior point of the skull oriented in the 
Frankfort planc^ 

Inlan. The most prominent point of the external oedpttaJ protuberance. 
Ofiifthhn. The midpoint of the posterior margin of the foramen magnuUL 
Bashrt^ 'Fhe midpoint of the anterior margin of the foranicn magnuuu 
Pmfihn^ The lowest point of the alveolar margin of the maxilla be¬ 
tween the upper indsor teethe 

Pc^nhfi* The moei anterior point of the mental (chin) eminence^ 
Akantld^n. The most prominent point of the anterior nasal spine. 

MLATERAl, POINTS 

Pmfifl. The uppermost point on the margin of the external auditory 
meatus (car-hole), 

PtenOft* Owing to indiv^joual variations^ this is a tegioQ rather than an 
easily definable point. It lies in the temporal fossa, dose to the j unction 
of the coronal with the spheno-parietal suture. In a few human jjvdi- 
viduals, and hi increasing numbera of individuals of the species as we 
descend the Primate scate;^ tb«c a contact between (he tcmponij and 
frontal bones, excluding the typically human contact between sphenoid 
and parietal. The pterioo region is, thus, Bomewhat unstable and a 
pterion point almost impossible to define exaedy. 

Aftemn. The point of junction of the lambdoid, temporo-ocdpit&l and 
squamosal sutures. 

CaniM. The most lateral point of the angle of the mandible. 

Ihc list is not exhaustive. There are many other named and defined, 
points used for pairicular measurements, but these are not so useful as 
the above for describing the position of skull-features. 
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J2 BONES FOR THE ARCHAEOLOGIST 

Bones of the skull in man, 
with comparisons with lower mammals 

BONES OF THE CEREBRAL PART: 

FRONTAL, PARIETALS, OCCIPITAL, SPHENOID, 

ETHMOID, TEMPORAL 

The frontal bone forms the forehead region and the fore part of the 
vault as well as the superior margins of the orbits and portions of their 
roofs. It articulates with the facial bones in front and is separated from 
the parietals behind by the coronal (crown) suture, which crosses the 
vault from side to side. At the brows it may bear more or less strongly 
developed supra-orhital ridges^ in modem man bipartite on each side. 

The frontal bone is the product of synostosis (bony fusion) of two 
equal frontal bones meeting in the m.s.p. These are separate at birth but 
meet, and generally begin to fuse, in the second year of life. The metopic 
(forehead) suture at which they arc joined is normally completely ob¬ 
literated by the eighth year, but may, rarely, persist in the adult. The 
two bones arc separate to a later stage of development in most lower 
mammals and so remain, for example, in the adult dog. 

The parietals are a pair of bones, somewhat rectangular, meeting in the 
midline at the sagittal suture^ forming the middle part of the vault of the 
brain-case. Anteriorly they join the frontal bone at the coronal suture 
and arc bounded behind by the lambdoid (A-shaped) suture. On the sides 
of the cranium their inferior margins arc overlapped from below by 
the temporal bones in the arched squamous (scale-like) suture^ so called 
because of this overlap. 

The occipital bone forms the whole of the back wall of the cranium and 
the posterior part of the basal axis also. It is pierced below by the 
foramen magium. It includes the two occipital condyles by which the skull is 
supported on the first cervical vertebra and affords an area for the 
attachment of nuchal (nape) muscles (sec below). 

The occipital, a single bone in adult man, represents four or more 
bones which arc separate in youth and of which the homologucs in 
lower mammals remain separate. The squamous part (shaped like a fish- 
scale) wedges between the two parietals, to which it is locked at the 
lamMoid suture. In some animals the point of this wedge forms a 
separate bone, the inter-parietalj and indeed it is rarely, even in man, 
present as a separate bone. The squamous part corresponds with the 
supra-occipital bone in the dog. (Fig. 7.) 

Next come two condylar parts^ bearing the ocdpital condylcs, which 
correspond to the ex-occipital bones in the dog. In the dog and especially 
in the ruminants there is a strong par-occipital process. Lastly, the basilar 
part forms the anterior margin of the foramen magnum and part of the 
basal axis of the cranium, corresponding to the dog^s distinct basi-occipital 
bone. In man, the condylar parts unite with the squama about the fourth 
year, the basilar part not being joined with these until the sixth year. 
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Fic 6c. (a) Nonna baialls, (b] ocdiual viev of ih« mandible (verdcat to the 
0 »lac ocduaal pUcK). 


itti&cuiAH The frontal and parietal bones bear, each, a pair 

of more or less strooglf marked ternpor^ lines. Ac the external angukc 
process of the frontal, wbac it meets the malar banc, the in/triar itnr- 
perat iaa begins as a ridge, becooung less proniinenr as it posses upwards 
to cross the cocoftal sucuie. It arches across the parietal bone from near 
the middle of its anterior margin to its pc3$teii>Iaienil angle, wheic it 
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ma y bc Seen to join a ridge, in prolongation of the zygomatic ar^ 
which crosses the temporal bone from above the ear-hole. This line 
marks the limit of the area of origin of the fan-shaped temporal mmck 
which, in life, occupies the temporal fossa. The fibres of this muscle 
converge to a tendon which is inserted at the coronoid process of the 
mandible. The action of the muscle is to close the jaws, so that its area of 
origin is some measure of the power of the jaws. The superior temporal 
line marks the limit of extent of a tendinous sheet, or fascia, associated 
with the muscle. 

About the middle of the squamous part of the occipital bone is a more 
or less well-marked prominence, the external occipital protuberance. This 
marks the point of attachment of the strong nuchal (nape) ligament 
Arching upwards and laterally from this point is a pair of lines mark i n g 
the margin of the area of attachment of the nuchal muscles and their 
fasda, the superior and highest sauhal lines respectively. A little below runs 
the inferior nuchal line, marking the boundary between the insertions of 
the deep and superficial muscles of the neck. The strength of the pro¬ 
tuberance, the area enclosed by the nuchal lines and the impressions of 
the muscle-insertions all help to estimate the strength of the neck 
musculature. 

In quadrupeds, owing to the skull and its often very long muzzle 
being hinged on the vertebral column like a bascule of the Tower 
Bridge, the nape musculature has to be very strong and the area for its 
insertion on the occipital bone correspondingly extensive and tugged. 
Since the brain-case itself is comparatively small, the occipital area is 
often increased by massive bony outgrowAs and ridges. (Fig. 7.) 

The sphenoid bone forms the middle part of the base of the crani»im, 
part of the lateral walls in the temporal fossa and of the internal walls of 
the orbits. Below, it has various processes for the attachment of muscles 
and soft structures. It is a bone of complicated form, having a basal par^ 
in the axis of the cranium, and pairs of greater and lesser wings. It is 
represented in youth by separate parts and corresponds with the follow¬ 
ing bones in the dog:—the basisphenoid and presphenoid, both in the basal 
axis, a pair of alisphenoids (greater wings) and of orbitosphenoids (lesser 
wings). 

The ethmoid hone plays a part, small in man, in closing the anterior wall 
of the brain-case. This it does by means of the cribriform (sieve-like) 
plate, which is pierced by numerous fine foramina admitting fibres of the 
olfactory nerve (nerve of smell) to the brain (Fig. 8). For the rest, its 
perpendicular plate, connecting with the sphenoid behind, forms the up¬ 
per part of the bony support for the nasal septum (partition), the cartila¬ 
ginous sagittal wall dividing the nostrils. The orbital plates fill small 
spaces in the medial internal walls of the orbits. It is connected with a 
pair of paper-thin, much convoluted bones, the superior nasal conebae, 
forming the lateral walls of the nostrils, and upon these are spread part 
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of the delicate mucous membranes of the nasal cavity in which the smell- 
receptor nerve-endings are located. 

The dual role of the ethmoid bone is explained by the fact that, in 
man, it and the superior nasal conchae represent a whole group of bones 
which never fuse in the dog, for example. These arc the mesetbmoid 
(ossified septum) a pair of etbmo-turbinab (conchae) connected above with 
the cribriform plate and a pair of orhito-etbmoids (orbital plates). 

The temporal bones, on each side, form the lower part of the lateral 
walls of the brain-case, meeting the parietals above, the occipital behind 
and the sphenoid in front, dosing the gap in the base between the 
ocdpital and sphenoid. Once more, these arc single bones in adult man, 
which are formed from separate parts in early youth and correspond 
with permanently distinct bones in the dog. 

The squamous part overlaps the edge of the parietal above and sends 
forward a slender zygomatic process forming the posterior part of the 
zygomatic arch. The mastoid part is of cellular structure within and lies 
behind the car-hole, bearing the mastoid (nipple-like) process, at which is 
inserted a neck-musde (stemo-cleido-mastoid) important in the main¬ 
tenance of erect head-carriage. The tympanic (drum) part forms the floor 
of the auditory meatus (ear-hole) and supports the car-drum, while the 
petrous (stony) part in the base of the skull contains the rest of the ap¬ 
paratus of hearing. The petrous part is very dense and is often preserved 
in fossil skulls when much else has perished. These parts correspond in 
the dog, respectively, with the squamosal bone, the periotic (surrounding 
the inner ear) bone, which includes also the mastoid part, and the 
enormously developed tympcmic bulla (bubble), which is evidently 
associated in the dog with a very much more acute sense of hearing than 
is at man’s disposal. 

THE FACIAL BONES! 

NASALS, MALARS, LACHRYMALS, MAXILLAE, 

PALATINES, VOMER 

In man the nasals are a pair of small bones about i inch long articu¬ 
lated side by side with the frontal, between the orbits, forming the 
bridge of the nose. In quadrupeds, as in the horse or pig, they arc often 
very large (for example, 12 inches and 8 inches respectively), corres¬ 
ponding with the large muzzle and highly developed sense of smell 
(Cf.Fig. 5 ). 

Alalar, jugal or ^gimatic (yoke) bones. The first of these three terms is 
usually used in human anatomy; ‘jugal’ is more generally found in 
zoological and comparative works. ‘Zygomatic’ appears to serve for 
both to some extent. This pair of bones in man forms the lateral and in¬ 
ferior margins of the orbits and supports the checks. Each has a meeting 
at the fronto-malar suture with the external angular process of the 
frontal, joins the maxilla below in the maxillo-malar suture, crossing the 
cheek-bone, and lies alongside the nasal medially. Laterally and postcr- 
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iody ir sends out a short stout process which jolos the sygomadc process 
of the temporal bone, completing the zygomatic arch acrcjss the tem- 
pond fossa- 

l^ ^/ymAl (fgay) These are so called because they arc grooved to 

carry the teoi-duct, leading £n>m the orbit into the msH cavity. In rnaji 
they are ^malh extremely delicate bones situated just within the medial 
border of the orbit and forming part of its medial wall. In the dog and 
other CamJ vota they just reach the actual border and a very narrow area 
on the chect. In the Ungnlata, however, they -widely transgress the 
orbital border and occupy a considerable area on the chock before 
it. They are thus stime systmiatic value, though insignificant tn 
appearance and, in man, at least, only preserved in very perfect 
skulls. 

The //taxi/Ljt are the largest bones of the face and form a pair, united in 
the below and behind, together forming the major part of the bony 
palate and supporting the upper set of teeth^ which are set in their 
aJi^^/ar (socket) Above, a process on each side Fonm the medial 

border of the orhit, save where the lachrymal does so, embraces the 
nasal bone by its lateral border and meets the frontal alongside in Ihe 
maxillae frame the oasai aperture anteriorly^ save for the small part of 
its superior margin fornircd by the two nasals. They afibrd points of 
artachment and support on riieir mcdijiJ walls for the sap^rtor nasai 
funfiatp of the ethmoid group of bones (see above) and to the inf mar 
isasaliOftfhat related to the maiillae thcmsclvea. In the sls.p* they embrace 
the vomer pcMteriorly, which is an osshicarion of the lower part of the 
nasal septum. 

In the dog the maxillae are very strong and much eJongated in the 
sidca of the muzzle* as am the nasals in its roof. The anterior portion of 
the alveolar margin* bearing the upper incisors and forming the lower 
border of the nasal aperture, is, here* a pair of scpaiate bones* the 
prwmitxjJisf. These have been overgnowo and obUtera^ by the maxillae 
in the shortening of the human fece, but arc constantly present as dis* 
tinct bones in lower mammab- The inferior nasal conchac in mart corres¬ 
pond with the maxilh-fMrhiira/s in the dog. 

The medial and posterior part of the bony palate is fotmed by the 
conjoined which have each a perpendicular part* forming 

the lateral wall of the p&s/cri&r nafti (hinder nasal opening)* Towards the 
midlinCr above, these curve in to meet the pamtr, an unpaired bone con* 
necring with the presphenoid behind and continuing into the mes- 
cthmoid above. Below* the vomer rests, in the on the maxilla and 
palarines* but is not actually united with them. 

This completes the cnumcratioD of the cranial bones, save for the 
fyaiJ bone or bones* which form supports for parts of the neck and 
throat siructures, and for the a^foiy ^xnritr of the middle ear. These are 
all urdniportant in the present context, being seldom preserved, or at 
least recovered, in archaeological circumstances, though they ate of 





BONEH FO^ AftCHAEOl^QGt^T 



Lachrymal. 

PremaxHia 
aperture 


Frontal 
Maxilla 
Zygomatic 


Mandible 


a 



tfal crest 
Supraoccipifal 
Exoccipifol 
lympamc buHa 
Mandible 


Parietal 


Coronoid proc 
Squamosal 
Parocclpital proc 
Occip condyle 


b 



Symplysis 


Siymaid notch 


Coronoid proc, 
Cooi^k 




Fjg 7B. (a) and (b) ocdpital views^ (c) mandible. 







THE SKULL 


59 

evolutionary importance, being homologous with some of the bony 
gill-arches in fish, adapted to their special functions in higher verte¬ 
brates. 

To these, the bones of the cranium proper, must be added the mand¬ 
ible, completing the description of the shill. 

TTie mandible^ carrying the lower set of teeth and worked often by 
very powerful muscles, is the strongest and most solidly-constructed of 
the bones of the skull. For this reason it is frequently well preserved in 
archaeological deposits. It consists of two symmetrical halves meeting 
in the m.s.p. and there fused, in man, during the first year of life. Each 
half has a horizontal ramus (branch) and an ascending ramus. The latter is 
bifurcated above by a deep rounded notch {sigmoid notch) into processes 
lying roughly in a sagittal plane, of which the anterior is <^ed the 
coronoid process and the posterior the head of the mandible. This head is 
elongated transversely and presents a rounded, somewhat almond- 
shaped condyle which articulates with the glenoid fossa of the temporal 
bone, at the base of the skull, just in front of the ear-hole. This joint is the 
hinge of the mandible. The coronoid process affords attachment for 
the Insertion of the temporal muscle which closes the jaws. 

The upper part of the horizontal ramus contains the alveoli (sockets) of 
the teeth, while its lower border projects somewhat forward in the 
mental (chin) eminence. 

The line of bony union of the two mandibular halves in the midline is 
termed the ympbysis. The sagittal section of a mandible in this region is 
of value for comparative purposes in determimng the relationship of a 
fossil human specimen with the apes on the one hand and with modem 
man on the other. 

Corresponding with the very great development of the facial part of 
the skull in lower mammals, the mandible is often extremely massive, 
requiring powerful muscles to drive it. Since the large jaws are frequml- 
ly combined with a relatively small cranial parti since the principal 
jaw muscle, the temporal, originates there, it is often the case that the 
area of the cranial part is insufficient to accommodate the muscles. 
Outgrowths of bone, taking the form of strong ridges and prominences, 
are added with increasing age and strength, often quite masking the 
exterior of the brain-case, to give the necessary increased area. In the 
dog (not an extreme case) these take the form of a sagittal crests (Fig* 7) 
arising on the sagittal suture near the front of the panetals and ending in ^ 
a great prominence on the supra-occipital where the temporal muscles 
border on the area for the equally powerful nuchal group. Lesser creste 
run laterally downwards from this protuberance along the lambdoid 
suture, to meet that prolonging the powerful zygomatic arch in the 
mastoid region of the periotic bone. 

In the cats these ridges are even more pronounced and the zygomatic 
arches more widely spread. Nor is this condition confined to the carni¬ 
vores. Animals like the horse, rhinoceros or elephant have very small 
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brain‘-o9c? in compaxisoD witb their bodily bulk- The jaws Riid teeth are 
commcosucate ia size jmd weight with the bxge intake of food noccs- 
sary fot their mainteruince, so that they feijiitrc very large muscles indeed* 
In the elephAQCt fbc example^ the bcaiit-case is completely endowed by 
cnormons ovee-gmwths of bone^ coarsely cellukr in structure to eave 
weight, which tender the true form of the adult cmnitim unrecog-^ 
nibble from without but at the same dme provide the nccessat}^ areas 
for the jaw and ruack musculature (Fig. 9.) 

FEATtmeS OF THE CEREBRAL CAVITT 
(l%TEJUOa OF THE MKAINCASE) (Fig. 8*) 

In a human emmum of which part is broken or cut away the IntetnaJ 
features of the bmhi-ca&c will be visible* The greatest value of these for 
the prescat purpose is to assist in the cntrnding or reconstruction of a 
broken skull* The study of internal details for their own sake is a matter 
for trained anatomists and anthropologists. 

To display the inEcmal feattireSi the vault of a ennium may be sawn 
off in a plane parallel to the Frankfort Plane* perhaps half an indi above 
the superior margin of the orbits. Such a cut isdll pass thrniigh, or close 
below, die apea of the ocdpltal squanuu 

laitriorof fie Paa/f, The interior of the skullcap, thus separated^ shows 
a number of charactedsdc features* Depeoding on the age of the 
individual* the sutures may or may one be visible inremnUy* On the 
midUnc of the frontal bone is a prominent /r&iftfa/ mr/, separating the 
froncal lobes of the cerebrum (foie-brala) which occupy the fossae to 
cither sidcn The base of this crest is marked by the beginning of the 
m^VW iWfiW (gfTOve) which crosses the ^^ult to the mid Li ne berweeo 
the cerebral hemispheres tod, in life, accommodates a large blood-sinua 
{channd)* The sulcui condnucs along the sagiria! suture and crosses on 
to the apea of the occipital boncK It is well marked here in the section of 
the separated slcuU^p, on the thicfeciiing of the bone whidt separates 
the oedpicat poles of the hemispheres* 

To either side* and mounting the interior of the vault towards the 
sagittal sinus, may be seen the impressions of the m ening eal vessels, 
which convey blood to and &om the membranes investing the cere¬ 
brum. The imprewions are most deeply grooved on the parietab, about 
half an inch bcMnd the coronal suture, and the general direction of 
their r amifica tions is upwards and backu^da^ The position of a ccanml 
fragment baring these impressions is, theteforc, fiurly easily siscer- 
talncd. Another fcaEuce, well seen Jo the section of the u'alls of the vault, 
is the thinning of the bones inside the temporal lines (ie. wliere they are 
covered and protected by the temporal muscle). The line itself Is seen in 
sectiDn on the froma] bone, perhaps one inch in front of the CEironal 
suture. The ^ and the thinning rf the bones in the temporal fossa are 
also useful indications for inrertocating fiagments and rebuilding a 
broken skuU. 
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VERTICAL vtKW OF THE BASS OF THS SKtfLL. Ttiis IS somcwhat Com¬ 
plicated, as is tbe basal view. Qoly a few feanucs need be mentioned 
here. 

The base of the crania] cavity is seen to fac dividedj on each side, 
into three large, wcU-dciined depressions^ the mddU mdpostm/fr 

/imoi. lo the midiine, scpaiatittg the two anterior fossae, is seen the 
lower part of the /ro/rW already noticed in the vault, which rises 
in the door of the frontal Emdiine as a narrow prominence, the 
^grdV/ {cock's comb). On dthcr side of the crista, and extending a little 
behind it, is seen a frihifom pfdt& gf fhe pierced by many fine 

foramina, lUtt those in the sifter of a pepper-pot. The floors of the 
anterior fbs^e form the roofs of the orbits, and the lesser wings of the 
sphenoid (orbUospbenoids), which contribute to them, arc well seen 
to be separated from the gsuter wings (alisphenolds) by tlie ifiperi^r 
arbi/ii/ famre, transmitting vessels and nerves to the eyc-mcchanism. 

The middle fossae art bounded in front by the lesser wings of the 
sphenoid and behind by the petrous parts nf the temporal bones 
(pcrioticsX ^hich extend forwards and tnedially acrosB the base of the 
cranial cavity. In the midline is seen a small, saddle-shaped depression 
on the upper surface of the sfphcnoid bone* called the ftlla lnrfTcn 
(Turkish saddle)* bounded by cwo processes^ respectively brfbre and 
behind it, cermed the (pominel} and ihrjujtf stlloi (back). 

Behind the dorsum there is a 5teq> incline down to the foramen mag¬ 
num, the clhms (slope), formed in ptort by the basisphenoid and in part 
by the basioedpitaL 

The posterior fossae lodge die two hemispheres of the cerebellum 
(hind brain), concerned with leflcx muscukr co-ordination* which is 
covered in life by a membrane, the which also supporcs 

the oedpita] lobes oF the cerebrum. In the dog, unlike man, this mem* 
biane is ossified In its posterior part and forms a shdf*Hke septum 
(partirioa} ceosalng the pcdpital bone tramvcrBely^ Above the ten- 
torium, branches of the large blood^-sinus run laterally* in large iratis* 
writ S9iki (giooves), crossing on to the mastoid part of the tempK>cal 
bone on each side. These tronsverM sulci* with the posterior part of 
the sagittal sulcus and the midline thickening below of the ocdpital 
bone between the two ccicbdlax fossae* contribute to a pronunenc, 
right-angled crossi thus +* in the middle of the cerebral surfiace of the 
oodpitol squama. The point of intersection of the limbs of the cross 
forms an iniwnud ompiiai prctuhfrmi't^ nearly coincident with the ex¬ 
ternal ocdpital protuberance already noticed. Thus the bone here jb 
very thidc, perhaps^ in a male subject* more than to miliimctreSi. while 
in die cerebellar fossae and In the fi^sac above for the ocdpital poles 
of the cerebral hemispheccs jt may be a rmUimetre or two only^ The 
thinning in the lower part of the ocdpital bone is accentuated by the 
presence of the external muscular imprcssicms in the nuchal region* so 
that* in iightly-buih youthful or femate skulls* the bone in the fossae 
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may be so thin as to be translucent. The ‘cross* of the occipital bone is 
thus highly characteristic, as well as being frequently preserved in 
buried, or even cremated, skulls, owing to its comparatively massive 
and dense structure. Its development enables an estimate to be made 
of the age and possibly the sex of an individual, from a skull-fragment 
no more than i inch square. 

Some general features of 
the skull in different manrmalian Orders 

Insectivora. Most members of this Order are small in size and 
burrowing or nocturnal in habit. In general shape the skull tends to be 
low and flat in outline, broad at the occiput, prolonged into a more or 
less long and narrow snout anteriorly. The orbits are not even partially 
closed off from the temporal fossa and open posteriorly into it. The 
cerebral hemispheres are small, smooth and unconvoluted, so that the 
bones of the containing vault arc plain within. The mandible is long 
and narrow, with a short ascending ramus and a wcU-dcvclopcd angular 
process. The auditory bulla and palate arc incompletely ossified. The 
shrews, mole and hedgehog arc typical and familiar examples of the 
Order (Fig. 9a). 

CHiROPTERA. Thc bats arc closely related to the inscctivorcs, though 
specialized for aerial, not terrestrial, life. As might be supposed, thc 
muzzle tends to be much shorter and thc skull-vault somewhat higher. 
There is a well-marked sagittal crest and a pronounced post-orbital 
constriction. Thc small European bats arc all insectivorous and closely 
resemble thc insectivores in other skull-charactcrs. 

RODENTiA. The members of this Order sire generally small (but note 
thc beaver) with burrowing and herbivorous habits, often good 
climbers and swimmers. They arc possibly derived from primitive 
insectivores, though now often highly specialized in some of their 
characters—in particular the teeth (see below, p. 80). Rodents arc very 
varied and numerous. 

Thc cerebrum is smooth and unconvoluted, thc vault low, thc 
muzzle long and thc nasal cavity large, consistent with thc acute sen^ 
of smell. The orbits open posteriorly into thc temporal fossa. There is 
often a large paroccipital process, infra-orbital foramen and anterior 
palatal foramina. Thc jugal bone is well developed. Thc lachrymal 
extends considerably on the cheek in front of thc orbit. Thc mandible 
has only a small coronoid process, sometimes none, but thc angle is 
greatly developed. Thc mandibular condyle is not extended trans¬ 
versely, but is of a roimdcd oval shape, fitting in a groove, adapting it 
for antero-posterior movement. There is often a prominent masseter 
crest on thc horizontal ramus. 

CARNIVORA. These arc very variable in size and habits (c-g., the 
weasel and the lion). Thc brain is relatively large and thc hemisphere 
of thc cerebrum convoluted. In thc more advanced types thc snout is 
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shorter in proportion to the ccanki pm (c^g-^p cats), llie ^ygonmie 
oreba arc strong and widosproding. Mo^t have strong aaglttil and 
fxmpitaJ crats to suppon the powerful jaw-muacks. The more pa* 
mitiTe, e.g., Mustelidae, have low, diong^ted ^kuLb with the orfaitt 
far forward and comparadvdy short muaiki (Fig. 9 c. f), the higher 
typea a sleeper profile. The auditory bulk k mon: or less inflated 
(cf» in the dog) and both it tLod the buny pdate arc completely osaified. 

Three Orders of Unguktes^ the hcjofed nmnumb, are of knpormicc 
io tile preaent contcxT“the Probosddca, Perisscxkciyk and Ardo- 
dactyb. All show a great degree of spcdalkadon in jNuricukr directioiis. 

The primitive ungukte skull was small, the cerehrum only slightly 
furrowed. It had a low* flat roof and a pfomioent sagtrtal crest. 
Ffto^osciDEA. Judging from the comparadrely compLctcly retained 
elements of manus and pcs, the Probosddea rqntAcnt the most primi¬ 
tive of the three Orders, but the akuli in the aduk is difierent beyond 
recogaidon from the primitive ungulate skull described above (Fig^ 
9 li "^hc bimin-casc itself increases hut lUghtly in size during the 
growth cf the Individual, but a very large area is recjuifcil for the 
attachment of the large tusks and trunk and an addidonal area for that 
of the Etrorig musdes required to support so manive a head on the 
vertebral column. Consequendy, an enormous growth in thickness C3f 
die cranial and fitchd bones is demanded and ts fuhilled by the forma* 
tion of great air-cells in the diploc separadng their vtnjgr and outer 
tables. A thickness of up to J i inches is dius locally acquired, composed 
of a coarsely cellular tiss ue of boric whidi is immensely strong, in view 
of the romparadvdy small weight of solid bone-substance laid down. 
In the pfooe&s, individual bones become fused with their suiroiindlngs, 
and scarcely lecognleable. The rusal opening is imised far in froor of, 
and 10 a higher level than, the brain-case. The premaaiJta, housing the 
tusks, and the rnaxilk and mandible, io which the great molars are ict^ 
become cnormoualy devcioped. The ocdpital condyles become huge 
masses of bone so voluminous as, together, almost to equal the volume 
□f the brain. The area for ihc nuchal musculature is pushed forwaid 
almost to the line of the frontal poles of the cerebrum. 
PEiiissooACTTLA, This Order, liaving an odd number of toes, is repre¬ 
sented, for our purposes^ by the rhinoceroses and hori»es. The former 
are the less apcdalked 

In comparison with the trsr of the skull, the cranial cavity h small 
and the kdal, especially the nasal, bones are greatly developed. The 
oedput is steep and large in area and the ocdpitil condyki are convex 
transvefsely. The hw of the skull, from basion to prosthion, is almost 
stroighL There is a large temporal crest. 

The nasals^ in the living representative, stand out free above the 
nostdlSp but in the omocc TkA^Hms (woolly thinocerof) the meseth- 
moid eartikge, fomutig the nasal septum, was completely ossified and 
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supported the nasals from below. This was cvidendy a functional 
adaptation for the support of the very long anterior nasal horn of this 
beast 

The nostrils open laterally and extend backwards, sometimes beyond 
the premaxillary-maxillary suture. 

In the Rhinoccroddae there is no post-orbital process and the small 
orbit is completely open to the temporal fossa. In the more recent 
genera of the Equidae, however, the orbit is surrounded with a com¬ 
plete ring of bone, formed by the junction of the post-orbital process 
with the zygomatic process of the squamosaL The latter process takes a 
very large share in the formation of the zygomatic arch in all perisso- 
dactyls and, in the horse, even forms part of the inferior margin of 
the orbit. 

As in the Proboscidca, though to a lesser extent, the large expansion 
of the face, and the weight of the nasal horns in the rhinoceroses, has 
demanded a commensurate growth of musculature and of the skull 
area for its attachment. The occipital region is very extensive and the 
temporal crests rise to meet it, so that an acute angle is formed at the 
summit of the supra-occipital. A considerable development of air- 
cells is here necessary, covering the small brain-case and completely 
masking its external shape. In the horses these outgrowths are present, 
but much less developed. 

The mandible, in both families, is long and massive, tapering 
anteriorly to the symphysis, very wide at the angle, which is rounded. 
The condyle stands high above the teeth and is very wide transversely. 
The coronoid process is slender and recurved. 

ARTiODACTTLA. The cven-tocd Order of ungulates is subdivisible into 
the Suiformes, a sub-Ordcr of more generalized, pig-like families and 
the longer-legged, more lightly built and highly diversified Ruminantia. 

In the former, the skull is somewhat reminiscent of that of the 
carnivores and perissodactyk, but in the latter the frontals develop 
extensive air-cells and often bear horns or antlers, especially in the 
males. 

In both sub-Orders some families have the face somewhat bent down 
upon the cranial axis, so that the nose points downwards, instead of 
forwards, when the axis is horizontal. This is the case in the Suidae 
(pigs) and the Bovidac (cattle), while in the Cervidae (deer) the face 
and ^sal axis are almost in the same straight line. 

For the present purpose only two farces in the sub-Order Sui¬ 
formes are of importance, the Suidae and the Hippopotamidae. In both, 
the brain-case is small and the face very large. The junction of the 
parietals and supra-ocdpital is marked by a high transverse occipital 
ridge, hollowed transversely behind. In the pigs there is a long par- 
ocdpital process. The long muzzle narrows anteriorly and the small 
nasal opening is almost at its extremity. A small post-orbital process 
docs not meet the zygoma, so that the orbit is open posteriorly. The 
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Uchcymal extends beycktid tite orbit for a comicktxble distance cut the 
chccJc- Th£ mandible haa a higli a^eenclmg a mud] corc^oid 

process and % trartsvciBc eondf le. 

"llie bippopocanii have the facial parts enormously developed (Fig. 
i6). In front of the orbits the face natrows^ but is btcrsdly expanded 
in the broad muzzle. The orbirs project outwards laterally and are 
almost^ or entirely^ endowed behind, like mandible ts massive, with a 
low asoending ramiis and an aitgle greatly expanded and everted. The 
hmizontal rami converge at first, but the symphyskl portion Is expanded 
again laterally corresponding with the wide mu^e above. 

The sub-Ordcr Ruiiunimia is divided into several famlUts, of which 
only TWO, the Cervidae {deer) and Bovidae (catde) are of concern to the 
European aiehaeclogist. The former are characterized by the possession 
of annually grown and iinnually shed antlcrSi gtncmlly only in the 
males. *rhe Bovidae have pernianent hollow horcis^ generally in both 
sexes, though those of the male arc much the krger* These are fup* 
ported upon bony outgrowths of the fron^ bonej, the scMmlled 
*hoffl-cores\ 

Cer\ddac (Fig. ro). The bones of the skull are notably tbin and bri ttle. 
The cranial and fa<^ axes lie nearly in a smighc Ik^ so that, in the 
normal attitude of carriage, the nose Is ditcctod forwards and not 
downwards. The prietals form the greater part of the cranial vault, 
but the frontals contribute to the oarrow anterior portion. The squa- 
mosali arc large- The orbits arc large, prominent and completely 
surrounded by bone. There is often an unossified space on the cheel^ 
between the ftonulf nasal, lachrj'inal and maxillary bones* and in 
front of the orbit a so-called lachrymal fossa, which has nothing to do 
with tears but, in life, lodges a gland. 

The most striking feature of the fiimily is the antleti p generally 
borne only by the malcs^ though in (reindeer) the female also 

has themu They arise from short bony processes of the ftonial 

bones, and am dcvdopcd anew and shed each year* The antlers are 
true bony growths, being invested during development by skin and 
having a copious blood-supply^ At tbiit stage the audcTa arc said to be 
"in vcivet* owing to the dose, Bhoir, velvety hairs covering the skin* 
Once ftiUy grown, the blood-supply is intecrupted, the skin and vessels 
die and art gradually rubbed off by the animal. The antlers then consist 
of bare bone, on the surfece of which the camillcadous of the nutrient 
vessels can itiil be traced. After thpt rutdng stasort, during which the 
stags fight fiercely for possession of a group of binds, the antkrs are 
shed, sepamdag ftom their pedldes, to be regenerated in the foUawing 
year. In the finit j-car the antler conststz of a single prongs In each 
subsequent year another point (tine) is added, so that the age of the 
animal can be cstitmted by the dc^lopm^t of the anderx. Among 
recent spmes the form and chaiactcr of the antkts is distinctive, though 
there is considerable individual variadon. The 'anatoiuy' of antim ia 



Fig lo. Skulls and andcrs of dccr (Ccrvidac): 

(a) red deer {Cervus elapbus\ (b) reindeer {Kangijir tarandus\ (c) 
(Clacton fallow deer {Dama clactomaftMs\ (d) roc deer {Capreclus 
capreol$u\ (c) elk {^Alcts alcej\ (f) giant Irish deer (Afeg^eros eury- 
fers/s), (Skulls nof similarly oriented. Drawn to display andcrs fully.) 










THE 


69 

simpk. lionicduLtely next the pedide is the 'burr\ or "comtiet\ below 
which the suitlcr tjeparates fmm. iti pedicle when it b sbed. The main 
seem of the antler is ^ed the 'beam^, from which spdng the branches, 
called 'tines* or ^poias*. From bdow upwards (thdf order of develap- 
ment) the rincs am calkd the Tica-V and 'ticz-' tinea^ Above the 

tte2 lie points hairc no special naines^ being known to the decf'Stalking 
fancy as so many ^points on top^ 

Distinguishing features in the antlers of the spedes with which the 
archaeologist may meet are as follows :— 

Dama spp. (fallow deer) (Pig- 10c). Tlic ander Is very smooth and the 
marks of the blood-vcsscU shallow. The brow-tine springs from the 
beam directly above, almost m contact with, the burr. A bKe-dne is 
generally absent and the antkr tends to be markedly palmated above 
the trez. 

Cmwf e/ap&Ms (red deer) (Fig. 10a). The ander tends to be mther rough 
and is much larger when fiiliy gtowa than iii Dama- The brow-dne 
b borne on the beam at a Ittde distance above the buiTp a bez-rine ii 
usual, save in the British imukr race, C.r. Mticffj, m which it is absent. 
Even above the trra the dries ore clean cyhndricai points* without a 
trace of palmadon. 

(giant deer) (Fig. lof]. In diis extinct species, somedmes 
erroneously called the *Irish elk% the beam ts vciy large and strong with 
a surface quality simikr to that of C f/apAuf, li tends to be somewhat 
recumbent in atritudci or evi=u drooping^ in old individuals. There ts 
generally no distinct bez-tinc and^ dose above the trez, the cquiva!cnt!i 
of the points on top arc enormoua tines periphetaJ to a voy extensive, 
somewhat horizontal palmarion. It is this palmatjon which gave rise 
to the 'elk* misnomer, though Meg^ms h more closely relat^ to the 
red deer or perhaps to 

Akei (elk) ^ig. loc). The short, stout beam h borne horizontally and 
the ander ts widely palmated. though with noibing like the enormous 
spread of a fuUy-grown The numerous poLuts surrounding 

the palm turn upwards, *rhe difftttnoc from Affganpre/ is in the shortness 
of the beam and the kss unwieldy and more regubi devdopmeflC of 
the palm and dnes. 

Capmitu {toe deer} {Pig- lod). The animal is much imallec than our 
other deer, scarcely taller^ hut much mom Hghdy buik^ than a goat. 
The ander is botoc upright and consists only of the beam and two or 
more points on top A brow-tine is lacking. Both the burr and the rest 
of the antler are very irregular and deeply channelled by the blood¬ 
vessels. so that the spcdcs is readily recognized^ even from a small 
fragment. 

(reindeer) (Fig* 10b). AndOT ore borne by both sexes. The 
attitude of the bc^ is characteristic, sweeping backwards and upwards 
in a curve from the point of origin of the biow-tine- This arises some 
little distance above the burr, ts very long and may be bifurcated or 
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Fjc; t Skdlli mud hoEfu of the ii^cr bovjdst 

W, (b) Bifm Jirijmf (PJcinoceoe biioa), (c), (d) Bu primi^'Ms 
CUrui, m^), (e}, (f) Onis/ mojrlMut (muik-o*), (g). (h) Celtic ox 
(the so-ctllcd jBw AJt on the sai& 
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even pdimce. Motsc of the md tioes, even die brow-nne, 

arc Rinrc or less palmate. One or rwo tines may bmich from the beam 
in a postedor dimtioo. In quality, the sur^ce of ibe antler is very 
smooth, the rnaiks o( the nutdent vessels beiog only slightly groovecL 

Bovidac (Figs^ 11,11). This large and varied family is characterized by 
the hollow peemanent horns generally borne by both sexes. In con- 
sequence of the presence of the bom-coreSp the frontal part of the skull 
tray be much expanded and full of pir-cells cojnmunicadng with those 
of the horn'coces themselves. The ftoncals form die greater part of the 
cranial vault, the parietaLs becoming small and, in the extreme ease of 
the genus Bw (catdc), being entirely relegated to the ocdpjtal area. The 
orbits are prominent and completely closed poscetiody. The fiidal 
axis is bent dawn at a considetahle angle to the bxsj-Emmial axis^ so 
that, in the normal carriage of the head, the new is directed downwards. 
The oedpitai ar^ is sn^ and sloping forwards and there are large 
pamccrpital processes. In oxen m lachrymal fossa is wanting. 

The genus Box includes both our domestic cattle and their presumed 
wild ancestor, Bax pFimig^'as (Ur, Urochs) (Fig, i[c„ d) which only 
became extinct on the continent of Europe in the seventeenth century 
A.D. This species had horns which were often enormous in old bulls 
(c-g-, the Sutton Hoo hom, 9 inches in diameter across the mouth). 
Borne wide apart ai the summit of the skull, these curved outwards, 
forwards and upwards. Among domeaticated breeds the Longhorn 
types are closest to the wild spcdcs in hom devdopinent, but many 
breeds, past and present, in particular the small Cdtic ox {the so-called 
Boi /M^frvnJ (Fig. ttg, h], though it is no more than a race of Bfff 
/donTB/) arc of the Shorthoni type, with generally a mall , stumpy, ofEen 
downturoed horns. 

The skull of B. primj^lus is said to be dlstiaguished from those of 
domestic cattle by having a 'stmt' of bone ncai: the base of the hom- 
core, supporting it where it is weakest, dose to the margin of the 
tciuporal fossL The feature is not ^&iiy recognized in most fossil 
maccrul. 

Bison (Fig. 1 ra, b), for our puiposes, includes two specks4 First is 
the Pleistocene B. priiruXj with horns very large tn the bulk and up* 
turning in a mote ot less coronal plane—not bearing forwards ss in 
J 3 o/. The angle between the occipital and frontal planes in laxetal view 
IS much mote acute in Box tiun in Bwpjt. The fecc is shorter and wider, 
the orbits often very prominent laterally. 

The living European bison, B. ^oxnf^ now survives only in zoolo* 
gicol coUections, but is only recendy extinct as a wild species in eastern 
Europe. It has rather small homs of the Same form and camiage as the 
extinct Pleistocene spedes, 

Optbos moxrialMf^ the musk ox (Fig. t te, f), a member o( the Caprinae, 
the sub-family of the Bovidac Tirhich includes the sheep and goal, has 
unmistakable hom-cores, of which the massive, flattened bases almost 
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Fig It* SkulU lad hotiii of fmalkf bovidsr 

(r) Ow m^rmeM (^) (moufloa tAm)^ (b) Capra /Aty (S) (ibev)^ 
(c) artfs (donwtic sfac^), (d) €Mpra isnui (dofncstic goatA 
(c) forfarira (uigi ^ainrclope'), (f) RMpi^apra ni^apra (chajTfeoijjL 

All on the SAtne 
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meet in the midline, fonning a sort of casque. The horns curve, at 
first, steeply downwards laterally, before turning forwards and up¬ 
wards in fine sharp points. 

The closely related sheep ( 0 w>) (Fig. 12a, c) and goats {Capra) (Fig. 
12b, d), are practically incUstinguishablc in most parts of the skeleton, 
but are readily identified when comparatively complete skulls and horn- 
cores are available. The course of the coronal suture is a distinguishing 
criterion, bowed forward at the bregma in sheep and practically 
straight transversely in goats. The course of the lambdoid shows the 
opposite condition—straight in sheep and bowed forward in goat. 
In the sheep the sub-orbital crest (a small ridge running forwards and 
downwards from the inferior margin of the orbit) is entirely on the 
jugal (malar, zygomatic) bone. In the goat it is on the jugo-lachrymal 
suture or even entirely on the lachrymal bone. This is due to the pre¬ 
sence of a lachrymal fossa in sheep, whereas the goat has none. Sheep 
hom-corcs are of sub-circular section and strongly curved to support 
the often large horns which are coiled in a short helix of considerable 
amplitude. In goats, however, they are relatively slightly curved 
and of markedly sub-triangular section with a sharp antero-lateral 
keel. The helical twist is present but is long and of very small ampli¬ 
tude, rather resembling an Archimedean screw. 

Far less common are Saiga tartaricay the saiga antelope (Fig. I2e), 
and Kiipicapray the chamois (Fig. laf). The former has rather short, 
fairly straight and upright conical hom-cores, originating close to¬ 
gether forward, above the orbits, and diverging somewhat laterally. 
In the chamois the horns curve sharply backward distally and are less 
divergent near their bases. The curvature is less clear, however, in the 
bony core. 
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Teeth ah£ of GfuLAt mroELi'ANCE to the palatoatoJogist and archfleoio- 
gint for two reasons. First, they arc very vwiable and often spcculised 
and ate, thetefore, of systtimtic value for differentiating between 
■pedes and higher gtoups of maimnals. The teeth are dosely related to 
the food habits and therefore to the cnTiconincat occupied by the 
animal. Secondly, since they are formed of extremely dense and hard 
materials, they arc often preserved when little else has survived decay. 
Many exdnct species of animals are known to the palaeontologist only 
by their teeth, but these ace enough dearly to Indicate thdr zoologicd 

rclatiomhipsv 

Structure of teeth 

The teeth of most mammals axe composed of three distinct sub¬ 
stances of dialing hardnesses: 

{:} Enamd, a very dense, hard and brittle omet casing, cesistant to 
wear, generally forrning a complete envelope to the part of the tooth 
exposed above the gum: 

(a) Dcndnc (or rvory), of which the greater pare of the body and 
roots of a tooth consist Tlus is secreted by the living pulp which forms 
the core of the tooth. Dentine Js fairly hud but tougher and more 
resilient than erumd. 

(}) Cement is a sofw, more granular, bone-like substance, covedng 
the dentine of the roots and sometimes abo mote or less investing the 
enamel walls and crown, filling folds and valleys in it. 

A typical tooth consists of a ovaw covered with enamel and a 
and fwft of dentine, separated by a more or less well-defined nt^A- 
The root or roots of most adult eceth are pierced by fine canals which 
admit vessels and nerves to the pulp-cavity, the space for the living 
pare of the tooth. In tmmatuFe teeth, the pulp-cavity is widely open 
at the roo4 and so remains Into macuricy in some teeth of certain spedes 
wHidi grow continuously threnigbciut the life of the animal, 

Some typical teeth are Illustrated to Fig. i j. 

Growth and wear of teeth 

The enamd crown js first laid down by the surrounding tissues deep 
in the jaw. This is called the germ of the tooth. Since the crown is of 
non-liv'ing tissue and will not be surrounded by living tissue when in 
UK, it must be elshareted, once and for all, in its full dimensions and 
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Fic 1 jt Twth m tectiDQ to shov smictaic: 

(a), (b) caniac and moUi of nMii, te) pig, unworn i^kr, (d) 
isdsot, (c) ox, unworn moUr, (ft hone, tndsor in eatl^ sage of 
w<ar, (g) elephuit, partly worn lo^ molar. The ^wings m 
Scmi'diAgtiniiiiatic^ aLowuig coaincl in full bldck, dcatint white inil 
cemeat stipplciL Pulp-ctviDn is section axe iliaded in Extent 
of worn somce indicated by airows. 

complexity. The pulp insick the crown then depoaits dendue within 
ufl below the exumel, do®ely following it* folds, if any, forming the 
body of the tooth. The tooth moves up in the jaw and cutt the gum ami 
the roots arc gradually hud down in step with the erupdoa of the 
crown. By the time that the crown has risen into line with the other 
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teeth and is in use, the roots are completed and shortl)r dose save for 
the narrow nerve-canaJ* 

In spcdcs where the tooth-wear in life is severe, the enamel capping 
the cusps and eminences of the crown may be worn through to the 
dentine. Once exposed, this "inlier* (to use a stratigraphic^ term), 
being softer, wears more quickly than the surrounding enamel, so that 
the edge of the enamel stands out in relief. Any pits or valleys in the 
enamel filled with ‘outliers^ of cement wear more quickly than either 
enamel or dentine, so that, in such a case, the three substances maintain 
a rough, rasp-like chewing surface, however hard the w^. If the wear 
of the uacoveted dentine threatens to expose the underlying pulp, this 
may retreat within the body of the too^ laying down a thickness of 
secondary dentine behind in This process compensates, to some ex¬ 
tent, for the wear and prolongs the life of the tooth. 

Special adaptations to function and drastic attrition are seen in the 
continuously renewed, open-rooted indsors of rodents (Fig, T5d), in 
which the enamel is concentrated upon the buccal surface of the tooth 
so that, in wear, a sharp chisel-edge is constantly maintained. 

An unspcdalized mammalian grinder has a comparatively low and 
wide ipra^i^adonf) crown and distinct roots which become dosed when 
the tooth is fully erupted. The t^th of many vegetable-feeders, by con¬ 
trast, tend to be markedly high-crowned the enamel deeply 

folded and the folds filled with cement. They are thus enabled to 
sustain a lifetime's hard wear. The elephants show an extreme develop¬ 
ment of this adaptation. 

Teeth with rounded or conical eminences on the chcwing-surfacc 
(Figs, r 3c, 14) are less specialized, more primitive and suitable 
for dealing with a varied diet. 

Where the separate cusps come to be grouped in linear ridges the 
tooth is said to be lopbodoni (Figs, ijg, 23a). These ridges may run 
transversely, as in some rodents and in the Probosddea, or they may be 
oblique, forming V- or W-shaped crests. When somewhat worn the 
enamel pattern of these on the chewing surface often comes to re¬ 
semble a series of crescents—^thc sekmdont (Fig. 27) pattern of many 
ungulates. 

The complete set of teeth present in an animal is termed the dintitian. 

A feature of the mammalian dentition is its division into four more 
or less distinct ftinctiaoal groups of teeth:— 

INCISORS, for nibbling, biting oiF or gnawing food; 

CANINES, long pointed teeth, particularly developed in the carnivores 
for seizing and holding their piey, but also developed as formidable 
weapons by, for example, the pigs; 

PROIOLARS, transitional in function between the predo minan tly cutting 
and grasping front teeth and the grinding cheek-teeth, partaking of 
both, and often developed to assist in that one of the two main func¬ 
tions which is the more important m a particular animal group. Thus a 
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Fig 14. Dentition of pig, left lateral and the two occlusal views. An example 
of the complete adult mammalian dentition. Dental formula: 

= 44^ All the teeth are somewhat worn. 

3.1.4.3. . I.- 

Compare the section of an unerupted unworn pig s molar in rig. 13. 
Only the worn edges of enamel are in black. Unworn enamel sur¬ 
faces are rendered in line. 


seal’s premolars are somewhat hooked, caniniform teeth, assisting in 
the important task of catching and holding smooth and slipf>cry prey, 
while those of a horse arc scarcely to be distinguished fronri the molars. 
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vfuch they ossut in che foremost duty of gcindiiig up often tough, 
dry, vegetable food; 

MOLARS, or genders, more or less adapted for crushing and comminU' 
dng the food. These are rekdyely of slight use to ftesh-^iers, but form 
the most impomm group in conBrnicd vegetarians—espedaily the 
gtass-eatcrs. 

This diHercattation of the teeth by function gives rise to the typin^ally 
mamnialijin httrnidifnt (several kinds of reeth) dentition. In Hsbn and 
repdJes, the teeth are numerous, more or less simply spiked or conical 
and all of similar shape—the homodwit dentition. Some mammals which 
have icncted to a ftsh^s way of life have secondarily te-acquired a 
homodont dentition {e.g., some of the Cetacea). 

The primitive mammalian dentition consists of 44 teeth. Many more 
speclali^ gioups, both living and extinct, have fewer than this, but 
only very exceptionally tnnie. A few of the less spcdnlized living 
animals retain the complete dentition, e.g,, the pig (Fig. 14). 

Since the teeth are repeated symmetrically on each stde, though the 
upper and lower Sets may differ in some cases, it is nccenacy to describe 
only one side of the mouth. This is briefly done by means of a dtutal 
ftrmulsy In which each group of teeth, above and bdow, on one side, is 
ciiumcrated in order, beginning from the midUne in ftont. Thus, the 
full mammalian dentition of 44 teeth, consisting on eadi side, a^vc 
and hcluw, of 5 tocisota, 1 canine, 4 premolars and 5 molars, may be 
lendeTHt by the fonuula: 


ji ci pi ^ — X 1 
}’ 1' 4’ \ rr 


44 


This may be fiiirhcr simpliJicd by caking the gfouping as under¬ 
stood, omittliig the antfamcdCf and weidng the formulA: 


3 * 4*3 
I -« 4-5 


- 44 


Following ihia schcine nf ^hrc^atcd dcscdptinn^ individual teeth 
aie 9ftefi designated ako by a letter for the group to whiidi they belong 
and a nujneml, superscript for an upper toothy subscript for a Iuwct^ 
giving the position of the tcx>th within the group and in the mouth. | 

Thus P means a drst incisor of the upper jmw« a secom! upper pie- 
mokr« M, a lower thtsri, or bstp molar. 

DECTDuous TEFTH. Pfeccduig the permanent adult dendtidinf 

most mamma Ik have^ in youtb^ a more or less complete set of milk ' 

teeth, which aie shed as the jaws grow to their adult sigg and the 
peimaoent teeth are erupted. 

Some rmik teeth are the precunan of the corresponding permanent 
teeth- The three permanent molars, however, have no piccursnr^ and 
the milk molars occupy the positions later taken by the ptemokts^ 
which are unrepreseot^ in the dcoduous denririon. Milk toith are i 
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Fic Milk dentitioa still pardj rfiMinod in k foung Arcdc 

fai {Akfptx l^p^) ag^ about & naDAtbi^ ldtla[^ii ami dw two 
ocduuil viet^. The dedduom idciaoa have all been shed save 
Dl* on cbe left side. Above, the milt canines ife tdil in tue, onlj 
the points of the permanent teeth yet showing. DM* has been re¬ 
placed by P*, while DM*-* temain, the foimef only pfecariotij^ 
rooted. Bdow, both de^uoua onints have been recenily shedt 
their aJveoU still showingi but all three milk molars arc in pwtion, 
straddling the ecnerging cusps of their ptcmolai successors. 
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disuDg^shed in ftbbicvi&tioa citlief by tbq piribc 'D’ (deoduouj) 

DM^) or, moio briefly* by the use of » miuufcde letter mstout of a 
capital* c.g.* m’, 

Tbe full niilk dentidoa thus reads:— 

■3 ' S 7 

c-t m- = - X 1 — 

5 I S 7 

As with tbe peti^nanciit dentidoxt* this is rtiorr or less curtailed xo 

most species. 

The order of erupiicMi and stages of replacement of the deciduous 
by the permanent deoiidoa vary greatly m between one spedes and 
another, but* when they are ImowUr afford a valuable meam of de¬ 
termining the age of immature irklividualB from the state of the den- 
dtion. Some commonly useful data are given below (p. zay). An 
example of a miJk denddon in the process of replacement ts shciwti in 
Fig. 1 % 

Salient chvactem of the 

dendtion in ditfennt 0 «Je», Gcfien and Species 

IMSECTTVORA. The complete dentition is often somewhat reduced. 
Indson, canines and the mote antcdoc premolais bk g enerall y 
pointed teeth and hatd to distinguish from one another, The more 
pocteiior pteniiatan tend lo resemble the molars, which are itiong, 
conically cuspidate teeth, the cusps of one set occluding with die 
valleys of their oppoocnis. These molais are admirably adapted for 
crushing the chidnous esoskderoos of uisects, which form the ptindpal 
food of the Order. 

Hedgehpg {Erifiacaa Mrvponu) (Rg, »6a, b, c) ^ — j6 

2 r I * Z » jj 

is molariform, Mj's reduced to sire. 

Mole (Telfia eMV/mea) (Fig. t6d, c, f) Complete dentition. O'ssonie* 
what enLug^ in adaptation to a diet hugely of eorth-woems, larvae 
and mote s^'bodied prey rather than adult insects. 

Shrews (S<»rtx spp.) J = ji (Fig. tdg, b, i). All the 

teeth have tcd-bmwn points when fresh. 1' and 1, are both much cn- 
laigcd and pcocumbent, the former with z points, the latter with 4. 
The canines are amall and pointed, like the simlJet incisors. The motars 
have very sharp cusps. 

The Water-shrew (Mva^r /in&'mf) has one Jess P and the 

other teeth difftr in detail, e.g,, the targe 1) is sjnglc-potnted and the 
cosps of the teeth are uncoloured. 

The Scilly shrew is a distinct spedes of a contintstal genus, OwM&ru. 

aot>£NTtA. In their general strucnire pcimitive^ all rodents have a 
typical, highly-specialiaed gnawing dentition, consisting get^tdly 








Fig DcntidDru of inscdiTOret; (i, b, c) hcdgcbogp [d^ ^ f) tnotc, 
\ i) ihncw^ ml] somndimt mmgoifiecL Mole and hedgehog on the 
sole. IjA Imtcimi mud tht twO OCCIum] m Kich wc. 

Only the mole hmi the cunipletc dendtion of 44 teeth* 


(SimpUddentmta) of 11 single pair of cunned, roocksi idcbofs (Ii) 
ibove and below. Hares and rabbits bdoag to a disdnet sub-Onkr 
(Duplicideatatm) d^rnTmetcrized by m scoond pair of inctsors (P) on the 
Lingual side of the main iodsocSf in (be oji^^cr jmv only. 

Canines are absent^ premolus ledu^ in numbers^ degcnciatc or 
wanting mltc^cther^ as in the true mice and tmtm (Fig. 171, c). AU 

three molars are wdi dCTcloped and* in the tnore spedalized groups. 
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have only thin cmmiel on the crowns, which is soon worn through in 
use, cxposiiig A pittnm of transvefsc or duigoml ridges of e n fl me l 
nltemating with deotine, forming an effidenr rasp. 

The chiscl-Iiiie indsors (Hg. i^d) arc j M i n raifir^ in sharp con¬ 
dition by use, owing to the slower weaj of the thick enamel coadng of 
the bucod surEice. They are unrooted, the pulp cavity always wide 
open at the and grow contiitnally during die life of the animai. 
If* durough acddcoc, one of diem should be lost, its opponent indsor 
continues to gro w in a drclc until the animal is prevented &om feeding 
and dies of starvation or there is acrud perforation of the akuU by the 
advancing edge. 

The food of rodents is as varied as their spedes and habits, but is 
mflinJy vegetarian. Squirrels and rats (Fig. tj h* i and a* b* c) will, 
howcvMv take hirds^ eggs and their young. The omnivorous and 
cannibal habits of rats and mice are proverbial. Squmeb* rats and the 
true mice (Murkiae) have rooted molars of compamrively simple 
enamel pattern; die numerous voles (Mictotiflae) (Fig. lyd, e, f) have 
hypsodom, roodcsi. prlsmaric molara with a complex cmmel partem, 
adapted to tbdr tough and fibrous diet of grasses, etc. In rabbits and 
har^ j pre-mokfs survive above and a below. The check-teeth am 
prismatic and louticss. The M» is degenerate, a mere peg. 

Among larger rodents eadnet in westcen Europe the beaver (C^m 
/ivr) (Fig. !7 j, 1) and its giant Lower Plebrocene forerunner, Tro- 
^rt/htriam mvirip have enormous gnawing mdsors and 4 equal pris¬ 
matic chcck-tecth to a ride^ of whidi the first h a P4, *rhc Old-World 
porcupine is a rare Pleistocene fossil found only on the Con¬ 

tinent. The looted cheek-teeth indude P4t likewiscp Lcinnimgs 
of the voic fimiily, now living m northern Europe* extended fri to the 
south during the Pleistocene gkdal periods, as ako did the marmots 
(Arr/oj^^^ Sp^rmopa/nf), fcLatlvc^ (jf the squirrels* with simibir rccth. 
Thcy are alpine and cold-steppe species, respcctivdy. today. ITtese and 
other rodents, mosdy small in ske* jionicrimes afford valuable climatic 
and enviromnedtal evidence whett found with the cultural remains of 
early mart and should not be overlooked, though their determination 
and jsTudy are a mactet for a specialist 

FATMATO. In man, anthropoid apes (Fig. 18) and Old-Worid monkeys 

the dental formula foe the adult dentition is ? — ta. The 

i , I -1. y ^ 

teeth are unspedalbed, rooted and the crowns of the checfc-tccth are 
provided with a fiiriy rimple partem of low, blunt cusps. Cement h 
absent from die crowns and Is faund only covering the roots. The 
teeth have a distinct neck between crown and root. The dentition h 
rather pdmidve and generalized, adapted to a mhted diet, though most 
primates, and pardculaily the great apes, are mainly vegetarian and 
fhtgivotous. 




Fn; 17 * Fouf fraijtiioiui oa the iwknt ckaui tbccurc: (a, c) (|U^ 
(d, c* f) vole (Att^m Arm/lri/)* (g, h* I) fauiitel {Sdmmf 
1) betTer (CerAr/fef)* The fint three ml oo tte »nie 
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The incisors arc small, more or less spatulate and chisel-shaped, 
though without a very sharp edge. The canines arc stronger, with sub- 
coni^ crowns, high, pointed teeth standing well out above the chew¬ 
ing surface of the rest of the set in monkeys and apes, especially in the 
males. In modem man they arc not enlarged and only exceptionally so 
in the case of one extinct species of the Hominidae [pithecanthropus 
modjokertensis). The ist lower premolars arc sectorial teeth in all living, 
and most extinct, monkeys and apes, but are small and bicuspid in 
man. The three molars have more or less square or rectangular crowns 
with 4-5 principal cusps and M3, both above and below, tends to be 
somewhat smaller than the rest. 

Occlusion of the teeth in Primates. is a wide spatulate tooth which 
opposes Ii and the mesial half of I,. Otherwise the teeth above and be¬ 
low are of corresponding mesio-distal dimensions, so that each meets 
half of two teeth in the opposing set and the point of Q lies in front of 
that of O. M* is a smaller tooth than Ms, so t^t, though the upper row 
begins half a tooth ahead in mesio-distal length, both sets end on the 
same line. In primitive races of modem man, both living and fossil, 
the incisors normally meet in an edge-to-edge bite. The prevailing 
shearing over-bite of the upper incisors of modem civilized peoples 
is a late development and is unusual in British human remains even of 
as late a rime as the Roman period of these islands. 

Movements in mastication and consequent wear. In the monkeys and apes, 
with prominent canines, neither an antero-postcrior nor a lateral motion 
of the Jaws in mastication is possible, save to a very limited extent. The 
same cusps and valleys of Ac opposing tccA meet at every bite, so 
that Ac wear is irregular and localized. In man, however, there is no 
such restriction and, wiA motion in any direction permitted, Ac wear 
of Ac teeA tends to be equal over Ac whole Aewing surface. In time, 
all cusps tend to be ground down to a common level. Even wear is 
Aus, even Aough only a single tooA may be available, indicative of 
small canines and, Acreforc, probably, of human ownership. It is not 
distinctively human, however, in that it will also be found in Ac tooA 
of any higher primate individual or species not provided wiA en¬ 
larged and interlocking canines, as, for instance, in some female 
anthropoid apes. 

Differences between human and simian dentitions. Individual tccA in apes 
sue larger and more powerful, in accord wiA Ac strongly developed 
jaws. On Ac whole, Ac crowns of simian chcck-tecA are low and Ac 
cusps prominent. In man, Ae crown as a whole is high and Ae cusps 
small and but slighdy elevated. In Ac living great apes this feature 
is seen clearly in Ac gorilla, less clearly in Ac chimpanzee and orang, 
in that order. C a nin es are enlarged in Ac apes, especially in Ac males, 
and Ac 1st lower premolars arc constantly of sectorial type. 

The dental arcade in man, as may be seen (Fig. 18 c, f), is parabolic 
in form, owing to Ac straight face, small tecA and wide cranial base 
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Fig i8. Dentitions of orang (a, h, c) and man (d, e^ f). Left lateral and two 

occlusal views. Dental formula: — s= 12. (g) is the left lat- 

2.1.2.5. ^ ^ 

eral view of a human child ag^ about io. Both permanent incisors 
are in use, but the canine is still the milk tooth. has replaced m^ 
in both jaws, m* is still in use and only of the permanent molar 
set is yet erupted. 


for the articulation of the mandible. In apes (Fig. i8b, c), where there 
is a distinct muzzle and a narrower skull-base, the premoiars and 
molars form straight parallel rows, the mdsors a straight, or but 
slightly curved, transverse row, so that the palate-shape is not parabolic 
but rectangular. It is elongated antero-posteriorly with the large 
canines situated at the anterior angles. There is usually a distinct 
diastema (space) above, between O and P, below, between Q and P^, 
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ncccs&ary in each for the acmmniodation^ when the jaws are 
cloEed^ of the point of the oppodng c&nine. There is hjudlf ttet sueh 
a gap in the tcwDih’jrow in man —or, indeed^ in female apes with small 
i:anizlcs> 

Whereas in man the lower border of the mandible extends m a chin 
emiflcncc in front of the line of the indsorSj in apes there is no chin 
and the lower incisora aie mote or Icasi pfocumbeat- This dlfiecence 
seems to follow the shonening of the mn^le in man and the smallness 
of the teeth^ resoltiag in a reduction of the alveolar p erim eter and 
palatal arca^ while the body of the mandible has not been commen- 
Siirately reduced. 

Mi/k dtntifion m md rsp/^imint fie teffi. Afl usiia4 

the permanent molars have no precursors and there are no deciduous 
ptemoUrs. The pcimancnt ptcmolars replace the two milt molars in 
each side of the jaw. The formula for the milk dentition thus reads: 

ij, <>, mj, = i X 1 = *o (S« Fig. iSg). 

I'he crowns of the permanent teeth are calcified often long before 
their eruption^ Fs and C*s at age 6 months* M^’s by age lo ycais^ 
although ihe former erupt only between die ydi and f rtb years and the 
latter not until between 17 and Before they cut the gom and re* 
place their precursors* if tnVp the roots of the milk tectlw Wow which 
they may be situated* begin to be absnrbodi unril only the crown re¬ 
mains* and this is eventually pushed out and shed. 

Differences between man and apes in the times of the eruption of 
tlic teeth have nut been dosdy stuped, but it has been established that* 
in apes* the permanent canines erupt later* after Mr* whereas in man 
they appear before the Ma's. The Cj in apes is a pointed conical tuoth 
and projects above the r«t of the tooth-iow. Tlie rUt is scccorial, 
like its premotar successor* with a marked mesial cusp* In man the Cj is 
spittulate and hlunt and docs not rise above the general level of the 
other lixth* while the is niokfifonn, with 4-j mtire: or less e<jual 
cusps. 

The usual times of crupdon of milk and penmnent teeth are given 
in Oisiptcr r An example of a youthful human dentition may be seen 
in Fig. iSg* 

CAiiNtvroRA (Figs^ 19^ ao, nj, Jn. their skeletons as a whole* the tnembeis 
of the Older are comparatively primitive, but they have a dentition 
highly specialized for catching living prey, cutting up the JBesh and 
cracking the boo^. 

While a vcgctablcTetder needs effident gritidcts to break open the 
inadluble cellulose cell-walls of plant tissueSp so that the gastric juicca 
may attack the contents* a fiesh-eatcr need comminute the food very 
little* since the stomach add can dissolve each morsel compldely from 
without. 
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Incisors flCC srosU, often with Bcreral pomted cusps nthu thin a 


cutting edge (E^g. I9ht c), and the fiiU camptcmcnt of j is genenllf 


present. Their function is to nibble and tear the list shreds of soft 
tk'^ne frem bones and their comb-like may of points forms an enident 
instrumenE for soraping and gripping. The more btenU ineuem any be 
aminiform (Fig- aob). 

Canines are evidently important to sdw and hold active and stroggl- 
ing pfcjr and to deliver a rapid quietus, to that these teeth nc strong, 
pointed and interlocking. For the rest, efhcienc shears and bone- 
ctackexs ue the whole requirement and, in pursuit of this ideal, the 
grinding function of rite cheek-teeth hat largely given place to larger 
and better cutting teeth, so that, to the most specialized camivotes, 
the complete dentition is severely reduced. 

The Pj*s may be somewiiat caninifortn* but Pa-4 in both sets are 
generally markedly cutting teeth. This is especiaity the case with P*, 
which is geneiaily very large and strong, consisting of two or iliree 
inain cusps united by sharp cutting edges. 'Itiis is the upper /doxauM/ 
(flesh-tooth). In the lower jaw the npponent of P* is Mi* the lower 
camassial, a tooth of sioiikr shape* whose points and edges (all doieiy 
within those of P*, forming the lower falide of a pair of shears (Fig. 
loa). is often a considerahlc tooth with a strong cusp lingually to 
the tutJ main cutting cusps. arc progressively smaller and less 

impoctant and, ind^d, the latter may be ^together missing. Below, 
even Mf ts absent in some species (e,g«, hyaena* Fig. t^f) and Mj, 
when present at all, is a comparatively iruig^canc litde vestige (e.g,, 


fox. Fig. i9g, i}- 

hiost camivoTes are of mrxlciate size, but range from the large bean 
and cats, on the one hand, to very small, but herce, hunters like the 


familiar ferret and weasel. 

lire bears, dogs and cats show progressive dental spccializarion, in 
that order. 


Begn (Ursidac, Fig, 19a, b, c). Dental formula: |—jThe 

inciiotg are small but tricuspid, stTung md with long single roots. 
Canines are very strong, with enormous roots but not unrluly long 
in the crown or sharply pointed. Is a small pointed tooth close be¬ 
hind the caninE. P*-^ are often missing, leaving a cDasidcnble dia}ttm 4 
(gap in the tooth-row): if present they ate small. P* is a sonicwhai 
narrow tricuspid tooth* not unlike a molar, M**"* are frankly grinders* 
low-crowned* mulri-cuspidate when unworn, showing a complei 
pattern of worn cusps later in life. M* is lad^g. In the lower jaw* 
Pi_f, if ptesent, are small; P* is narrow and the closest appioach in the 
mouth to a sectorial tooth. Hie three molars axe all large* functional 
grinders, though is considenbly shorter than Mj and this suggests 
incipient reduedon of the molar set. 
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Fig 19. Deoudons of: (a, b, c) bear (Ursas art/os), (d, e, f) hyaena (Cnaifa 

(g. h, 0 fox {ynlpes vulptj). Ixft lateral and' two occlusal 
Views. Bear and hyaena on the same scale. 


Despite the reduction in the ptemolars and the loss of the M>, this is 
a comparatively complete, primitive and unspecialized dentition for a 
f^y of camvores. In feet the bears, apart from the polar bear 
fi balassmtos), are oftoi somewhat omnivorous and vegetarian in habits, 
eating bemes and fruits, roots, honey in season, subsisting on fish, frogs. 
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rodents odicf small gam<e when kfgct prey is to come by. 

Of the two beats whl^ coneem the aichiioologist the cave-bear 
(UrjKf sptla^m) is disringoiahed as to the demidon from the sucvirkig 
brown beat (tirms itfrior) by its cBocmoiis iisne and the absence even of a 
rcsdgc of P^* 

5*1*4. 

pose by the w'olf (Ciw/ Af/ar), the ted foa (Vpdptj v,) (Fig. 19g^ i) the 
arctic fox (Akpex /^fw) (Fig. 15) and the domestic dog (C /nmtluEris) 
(Fig. 7). All arc members of the sub-family Canime and have closdy 
similar denddons, complete save for but markedly specialised for 
[he camivcrroiis way of life. 

The indsors arc amaU^ somcwliat fpatulate and tricuspid wve for 
l\ qrhich is larger and somewhat caniniform* The canines arc targe and 
strong in wolf and dog^ slenderer and even moie aoiEcly poioiedln the 
foxes* The Pe^s are small and sub-conical, Fa^s and Pj's of increasing 
ske; long, narrow sectorial Eceth with the omin cusps united by sharp 
cutting edges. P* is the upper camassial and an cxduaivdy cutting 
toodv unliJtt that of the be^. P* is the largest of the lower prcmolats^ 
but much sirmllcr Ehan P*. ts the lower camassial, an even longer 
cutdng tooth than which it opposes. hP is a considenhic tooth, with 
a strong lingual cusp afTbrding something of a gdndmg sutfarc* hi* is 
much reduced in ske and hi* is miaing aJtogcthEf. Bdow, arc 

respeedvdy smaller than the last, especially* being a mere peg 
of 1 tooth, obviously vestigial* 

Oitferences between wolf and dog arc only of the slightcsE, the 
canines in wolf tend to be longer* and it is rated that the length ofP* 
exceeds or is equal to that of ^ in wolf, while in dog it is shorter or 
equal, but Reynolds^ is 001 enthusiastic about cither of these entcria. 

living AS they do, cxduslvdy on flesh, the dog?, though having a 
dentition even more neatly complete than the bears, show the emphasis 
on grasp ing, tearing and flesh-cutting teeth to the almost endre cxdusion 
of the gfinc^ng function. Indeed, anyone who has watched a domestic 
dog feeding on meat knows how the toughest cartilage anil the iimalJef 
bones are quickly cur up between the carmssials and uncerctnoniously 
gulped down wi^out fiixther mssticarion. In nature, many dr^ hunt in 
packs, or at least parties, and it is dear that, in the presence of com¬ 
petition, the ability to cut up and Bwallow quickly ensutes a fur share of 
the common quarry. Chewing and cracking large bones is good caamomy 
a$ well as a leisurely pasdme-^hc dessert which follows the feast. The 
dogs arc not averse to carrion and the leavings of larger* Q^reparticulaj, 
or leas hungry* hunters* It was this chaiactetisdc, no doubt, which led 
readily to theit dotnesticadon, apparently as camp-foUowera of Meso* 
Uthic maiL 

t * Reynolds^ S. FL, 1909. A d/ /ir Entfsh Pirh^rm AfdwwAff* 

(l) The Cinidae. PalicomographJc^ Sooely, Londoru 


Dcff (Canidae)* 


These arc represented for the present pur- 
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Fig Dcntiticm of ATrictn lion— t, h^g^y ipcdilizcd cuiumit:. Left 
lateral and two oeduni viewa. 


The domeatic dog hu die complete adult denticion soon afttr die age 
of 6 months (Rg. 57, Chapter 14). 

Catj (Felidae). One extinct sub-fiuiuly, the Machairodontinac (swoid- 
toothed) conoems the archaeologist only as a Pliocene survival into the 
First (GOm-Mifidel) Iniergladal of the European Plcutuodte. Mnthai- 
nuiiu iaiUtai (btoid-toothed), the sahie-tootbcd 'ttgcr'* is a rare and 
striking fossil, the enormous dagger-tike upper eanineg with sharp. 
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dcaticulated distal edge being moat frcijucTitJy prcfitrvcd ami m^tandy 
«cogniz 3 iblc. They wcic apparently used for stabbing rather than 
biting. The rwr of the teeth aie unmisiakahly eat-Iike. 

Of the fiorviving sub-fiimily Felinac, stiU of mde distribution and 
comprising numeroiis spceiesj die cave-ljQa (Filis spt/iKii} (hie the 
Afriem tion^ Fig* ao, bni krgcr)i lynx (Ljnx Ijnx\ leopard (K parsba}^ 
European wild cat, (F. iyAwj/™) and domestic cat (F+ fa/w) (Flgn gh) 
miisi be meniioned in the European context. All are closely alike in 

their dentition, save in point of size : ^ " - — —* The incisors are 

j . 1 ^ a p I 

smallp forming an even* cIo5cly-«ct row both above and bdow* The 
amines are large and stout, relatively higher in the crowns stouter and 
more acutely pointed than in the dog or bear. They are readily distin¬ 
guished at a glance from the canines of these by the presence of a shallow 
longirudina] channel or flute in the enamel on the buccal surface (Fig- 
aoa). 

15 wanting^ P* is a sunalJ and a largeTp strictly sectorial tooth. 
P * is enormous and forms the upper member of the camassial shears. 

is a degenerate vestige of tile molar set. Below, bnthPj_|afe wanting, 
Pi-1 ace cutting teeth and Mi, very large, is the lower camassial. Tliere 
ia no trace of M-_,, All the cheek-teeth are narrow and of seaotkl ^"pe, 
the lower set dosing within the upper with a shearing acriun all along 
the row, not only betw^een the camassials^ The cusps of one set doie 
alongside the valleys of their opponents^ making a very efficient sdssor- 
like cuL Degeneration of the sub-conica! ajiterior premolars, of nearly 
all the grinding molars find the cadu&ive development aa cutting teeth 
of the survivors makes tlic feline dentition the most highly-spccialixetl 
and efRdrnt carnivorous ccpiiprncnt known. 

IFrcur/(Musiclidae) (Fig, 2 j). This indudes the marten (Alar/#/)^ 
the polecat {Muf/flap$^lanw}t stoat (Af. trminM) (Fig. iig# b, i)i wcase! 
(M, maiis) and the domesticated fenet (M ftm), the otter 
(Fig. tid, t, f) badger (Afr/w) (Fig. ii*, b, c), aB still surviving in 
the Badsh Isles. The glutton or wolverene {Ctih) (Fig. ai k, 1 ) is now 
restricted to arctic lands, but was formerly a member of the glacial 

faunas of W. Europe. The gcneml dental formula is ^ ^^ ^ ‘ 


The muzzle is rather short and broad- indsers are small, the canines 
slender and sharp. Pi, if present, is generally small, the rest of the 
premolars sectorial wiih one maiti cusp, though P*, the tamssial, may 
have a subsidiary cusp. M* is a considerable gnndiog tooth, as 

well as possessing a cu tting edge, but M| is generally yestigiml. In the 
badger (AM/}, both M i are Large and din,, eloped os griiiJcrs. This un- 
Epeclalizcd condirion corresptmds with the animal'*s plantigrade gait and 
rebrively omnivorous habits. 

Hjains fami^ (Hj^cnidBic). The cave hyaena (Cr^ta (Fig. ij 

d, c, f), ii the sold representative erf interest. The dental formiila is 
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FtC ZI. 


Dentitions of four MustcUds: fa, b, c) badger {Melts melts), (d. e. f) 
**’ {Mustela trminta), (j, k, 1) glutton 

(G*4»g«4»). The first two on the same scale. 


5 . I . 4. o ^ . , . 

j . 1. 3 , I* to Its cave-dwelling habits it is a common fossil of 

Pleistocene cave-earths. A carrion-feeder, it has very powerful jaws and 
large, stout tKth. Canines are very strong and have a prominent long 
ridge on the lingual surface, premolars increasing in size and complexity 
from Pi -4 with subsidiary cusps. P» is very small, P, is missing. The 
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camassiak, P* and M^, are enormous bone-crackers. The upper molars 
arc altogether absent. 

PROBOSCiDEA. The dentition in this Order is peculiar and much 
specialized, consisting in modem species of incisor tusks and cheek¬ 
teeth only, 

Dwotberium The large lower tusks curve downward 

I • o • 2 • 5 

and backwards. There are no maxillary tusks. The cheek-teeth are 
lophodont (Fig. 23a), bearing 2—5 (3 in Mi) transverse ridges, the 
upper almost square, ridges mcsially convex, the lower rectangular, 
elongated mesio-distally and with slight distal convexity of the ridges. 
There is no cement on the crowns. 

Mastodon arvemensis had upper incisor-tusks with only vestiges in 
youth of the lower. The cheek-teeth (cf Fig. 23b) are bunodont and 
brachyodont, the cusps arranged in rough transverse groups with a 
little cement in the valleys of the crowns. 

The true elephants (Elepbas) concern us more than these, which prop¬ 
erly belong to a period (Pliocene) before the emergence of man, but 
just survived into the earliest human times. 

Elepbas « o » 3 ^ Yhc incisors form the characteristic maxillary 
o . o . o . 3 

tusks and of the rest of the tooth-row only the three molars remain in 
living species of elephants. In some of the extinct species, however, there 
were, in addition, two premolars preceding the molars in succession. 
The tusks are without enamel, rootless and, like the incisors of rodents, 
grow throughout the lifetime of the animal. 

Seeing that the crown of an elephant-tusk is conical and grows by 
continuous laying down of dentine on the surface of the pulp-cavity, 
elephant-ivory has a characteristic, and easily recognizable, structure. In 
transverse section a tusk is seen to be built up of successive concentric 
layers of dentine, like an onion. Viewed in longitudinal section there 
is seen to be a succession of cones nesting closely one within the other, 
repeating the form of the pulp-cavity and increasing in diameter 
towards the base. 

There are, further, two series of sub-radial structures to be seen in 
the transverse section, numerous rays of denser dentine, arising at the 
centre and curving away right- and left-handed to the circumference. 
Not only do these two sets cross the concentric zones of dentine re¬ 
ferred to above, but they intersect with each other, giving a symmetri¬ 
cal reticulated pattern similar to ‘engine turning* on a watch case. This 
is best seen on a piece of turned and polished ivory, such as a billiard 
ball, but it may easily be recognized even in fossil ivory and is very 
characteristic. Decay of ivory results in annular lamination of the con¬ 
centric zones with radial and circumferential cracks, so that it tends to 
break up into more or less rectangular prismatic crumbs, exceedingly 
difficult to reconstruct owing to the regular similarity of the fragments. 
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Th^ cusps of [he cheek-teeth ofe l^erally confiuiciit jusc below theic 
^ices, foimu^ ridges of ermordiimfy hdght, the wh[i!e of 

the crown being thrown into deep alternating ridge^s and valleys* wcO 
seen in the longitudioal section of the tooth (Fig, ijg). The Iknbs of 
these folds have bccoinc so compressed as to be paraild:, so that each 
ridge is a thin, more or less flat plate of dentine dothed wkh e n a m el. 



Ftn 11, Dcntiiion of young depbant^ eapo»] bd Aaw the process of 
tooth-replaceineoL ihe last c^'o milk moUn kic in use: ihe de- 
vdoping germs of the first permanenE mulaii am buried in the 
jaws bdiifid 

called a The valleys between adjacent lamellae are completely 

filled with cetnenr, wbtd) thkkiy invests the enrke tooth. 

When riic crown is worn in usc» a tx^mplicaicd srrocture is revealed of 
transverse edges of enamel suminnding trmsversdy elongated islands 
of dentine, each scpanited from the adjacent enamel-ringed island by a 
more or lew narrow band of otmcnL The worn sur^ce of the crown 
thus forms an efficient rasp* constandy kept sharp in wear owing to 
the difieteniiaJ abrasion of the consdiuent substances^ in accojd^KC 
with their differing hardnesses. 

The eLephaiic la eaclLirivcly vegetarian and requires enormous t[uan- 
dries daily of foliage and herbage for iti maintenance. Aa we ha ve seen, 
digesdon of plant-cnatier depends on cfBcient crushing of the cell-waUa 
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SO as to expose the nutritious contents. The rasp-like charaaer of an 
elephant's grinders ensures adequate trituration and is an admirable 
adaptation to the animal’s requirements. 

The mode of succession of the teeth in elephants is characteristic, 
and unique among mammals (Fig. 22). 

A tnillc dentition of three deciduous molars precedes the permanent 
teeth. These are shed in the living Indian elephant (E. maximus) in the 
second, fifth and ninth years respectively. In more primitive genera 
(c.g. the Miocene Tetrabelodon) the last two of these were replaced in 
the orthodox manner, from below, by two premolars, but in the true 
elephants the milk teeth are succeeded in ozdzt from behind by the pir- 
molars (if any) and by the three molars. Each tooth is larger and with 
more enamel plates than its predecessor, moving forward in the jaw to 
replace that in front and only coming fully into wear when the worn-out 
remnant of the preceding tooth is shed. Thus, no more than two cheek 
teeth on one side of upper or lower jaw are at any time simultaneously 
in use. For relatively long periods there is one only. Added to the great 
height of the crowns, this method of replacement greatly prolongs^ the 
maintenance of efficient grinders during the long life of the ammal 
(at least sixty years in Indian elephants). 

The upper teeth acquire in use a longitudinally convex grinding 
surface, the lower, one which is concave (Fig* I5g)^ isolated 

upper and lower molars are readily distinguished at a glance. 

This rather detailed description of the dentition in elephants is neces¬ 
sary because of the importance of fossil teeth of different species as 
indications of environment and date, when found, as they not uncom¬ 
monly arc, in association with the artifects of Palaeolithic man. 

The following extinct species arc distinguished:— 

EJephas meridionaliSy the southern elephant, occurs in association with 
the works of the earliest known Europeans in deposits of the First 
(Gunz-Mindel) Interglacial period. The other species arc thought to be 
descended from this. 

The teeth (Fig. 23c, d) are comparatively low in the crown, broad 
transversely, with few, widely-spaced lamellae with thick enamel. The 
first milk-tooth (m2) has 3 lamellae, the last molar (M3) up to 14. 

£. antiquus, the Straight-tusked elephant, is the typical temperate- 
forest species of the Interglacial periods. The teeth (Fig. 25c, f) have 
rather low, narrow crowns, lamellae more numerous than in E. mendi- 
onalis but well spaced, each tending to be thicker in the middle of the 
tooth than at its Hngiial and buccal extremities. The enamel figure on the 
worn surface thus often resembles a narrow lozenge (Joxodont pattern). 
M* has up to 20 lamellae, Ms perhaps one more. 

E. trogontherii (associated with the giant beaver, Troffmtherium) is an 
earlier Pleistocene parkland or steppe type, of lineage distinct from 
antiquus, intermediate between meridionalis and the mammoth. The tooth 
is higher and wider than in antiqusis, the lamellae more numerous and 
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mnsvmdvj tWr^ dose and fzrtiwdi::d (Fig^ h)> making an extrerndy 
rough, durablfi chtwtng-surfiicc when warn Etoj the milk tnolars 
have 4 laincllae matcad of the 5 usual ia otiier apccics. These are adapta- 
rioiis to a ttiugh* diet of the gra$aca, herbs and stunted conifcni of 
the locw-sieppc and taiga sones during gkdal periods, Mwcelcpbanti 
arc by preference browsers, taking a diet Jugely of fodlage. The envtron- 
rnent of the mammoth contained few IcaJfy tiroi so that this tipceics, more 
than any other, was probably a grader, save tn winter, when pine-shoota 
provided a tough and perhaps not very paktahle dicL 

Of the two surviving species of elephsmts, the Indian^ B* maximMs 
(Fig. i|k, ]) is dearly r^ted on the evidence of the teeth to the 
/im'I-pnmlffrmjii lineage. The African, on the other hand, appears to 
Stand dnser to the tmtiquus Une^ the narrow teeth (Fig. 2 j) with coni' 
paratJ vdy few Lamellae of marked Joaenge-section constituting common 
fcatutics. The immediate ancestry and history af the Afric;^ elepitant 
is, however, something of a mysierj% for it ^cems to appear compaia- 
lively recently in that continent and is unknown as a Pleistocene 
fossil, 

vitRissonACrtt^ (Odd-toed ungulates). JUijwf?FV//j (Rhinocenitjdae}^ 

The more recent members of this ancicnr and widcspieadi family^ 
which alone toacem the archaeotogisc, have the dental fonmubt 

° ° , Incisors and canines arc wanting* The premolan ntt 

o - o . 5 . 5 

molariform. The upper chcck-tecth, save for which is vETtigial when 
present at all, art more or less square in secrion pardJd to the chewing 
surface and, in tlie coldnitimate TifJxrbkM^t rrarkcdly hypsodont- 
They cunrist of a stout buccal meaiodiical ridge from which spring 
two lingually^ and dbtalLy-curving ridges almost endowing anterior 
and posterior fossae. These, however, remain open hngualLy and 
prifltcriotty unless wnni right down dose to the gujn. The M" lacks the 
posterior lingual ridge and is> in consequence, nearly triangubr in plan. 

The lower dieck-teeth are oarrower buccGHllngually ar^ consist of 
two somewhat circsccntie ridged, miinmg at hrst mesiodis tally attd 
then bent inwards lingualiy, partly endodng two fossae, which are, 
however, more open lingually than in the upper set. 

DifTcrorcs between the upper cheek-teeth of the various sped^ are 
rccpgoiaablc, but the lower arc more diflicuk to disringubh. 

D^^e^vrb^/tM^ rnwcAU, £>. (Fig. x4b) and Dm, 

Auett.) (Fig- a 4a, d) warm- of fcaripaatc-diiniLte spcd.es, have 
tovrer crowns, huk or no oemenT covering the walls and lining the 
fossae and dlFcc diicBy in details of the cbcwmg^suiface idailng to the 
disposition of promontories which inv~adc the anterior fowa ftom the 
three adjacent ridges. TklnrUms (Fig, i4C> e), the woolly 

rhinoDcros, diBcis fiom the mt in the high cn>wn, the plentiful cement 
(present also in well-preserved specimens of the lower chcefc-tccth) and 
o 
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Fig 14^ Daiduan$ of EhutaoEroscf, light upper (a, c) and lower (d, t} 
t®™. [a, dj Dtanriimis^ Jk/rrJ^hrmjxT fmirvkii Auett.); (b) X?p 
Afw//«viicf, (c* c) T^bifw (woaUy rijincj.). AU ibrec 

haif-woro* a$ Is (e) belonging ^ die same iiuilvJctual 
lu (e)» (<n beJonga to a mud:i older indiiricluii) tliwi (al and ibc teeth 
me dcs^ty worn. 
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the meeting of two of the above-mentioned promontories to isolate the 
buccal part of the anterior fossa as a distinct cement-lined pit, even at an 
early stage of wear. The last feature is quite specific and enables any 
reasonably complete upper tooth of this species to be identified at a 
glance. 

Height of crown and presence of much cement are adaptations, as in 
the mammoth, to the steppe and tundra-dwelling habit and tough diet 
(including willow and coniferous shoots) oiTicborbinus^ as opposed to the 
forest and savannah environments of the temperate species. 

Horses (Equidae). Sub-family Equinae. ^ ^ . The incisors 

3 .1 • 4 3 • 5 

(Figs. 2j, I3f) both upper and lower, are long and curved and there is a 
deep depression in the enamel of the crown (‘mark*) which shows as an 
isolated cement-lined pit in the earlier stages of wear, disappearing when 
the wear reaches the floor of the pit. Short, conical canines arc present 
in both sexes in Hipparion (a survivor into Pleistocene times of a typi¬ 
cally Pliocene three-toed genus). Canines arc present only in the stallion 
in Equus, the true horses. Pi is rarely present as a vestige (Fig. i jb), and 
is shed early. Pi—4 arc molariform, scarcely to be distinguished from 
Ml —3, which arc prismatic, hypsodont, with much cement embedding 
the walls of the enamel crown as well as almost completely filling the 
deep pits in the chewing surface. Hipparion (Fig. 25d, c, f) differs from 
Eqsms in the lower crowns of the six chcck-tccth, more complex folding 
of the en&iel and, especially, in the isolation of the lingual column, 
which, when worn, presents a more or less oval ring of enamel totally 
enclosing an area of dentine (Fig. 25 d). In Equus^ this column is united by 
a narrow isthmus with the main prism of dentine forming the body of 
the tooth. 

The cheek-teeth ar e protruded from Ac alveoli in s tep wiA the wca^ 
o f the crown s. They arc opcn-rootcdln Ac earlier stages of wear, Ac 
four roots closing the pulp cavity only at a late age. The upper set arc 
roughly square in section, Ac lower narrower and rectangular. BoA 
show a basic selcnodont pattern of enamel on Ac worn chewing-sur¬ 
face, mu A complicated in Ac upper by Ac crimped folds of enamel and 
in Ac lowCT by acce ssor y lob^ on Ac lingual side of Ac too A* These 
last~^vc a transversely somewhat compressed quatrefoil pattern of 
cnameL 

These features of Ac tccA constitute special adaputions to the way of 
life of the group. The true horses are steppe animals in Ac wild state and 
Hipparion was also an inhabitant of grassy plains. Exclusively grazing 
animals, especially in a dry steppe environment, arc subject to severe 
tooA-wcar, not only from Ac siliceous skeletons of Ac grasses Acm- 
selvcs but also because of Ac gritty nature of Ac herbage on dusty 
plains. To enable the tccA to last out Ac lifetime of Acir owner Acy 
have developed a crown of great height and Ac copious cement coating 
reinforces the enamel and dentine. The crimped enamel pattern of Ac 
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Fio ij. DentiUop of hone (i\ fji) left Utml vkw and {b, c) ibe two 
o^osal views, (d, c, f) thtw oodusi] views of teeth of 
(d> P*, (e) P* and (f) Mj, at an the satne scale. 


cfaeving suifue makes a rough stuu^ file, well designed to crush and 
comminuce # tough mi £bcoii& diet. 


AfinoDACTTLA. Suifomic^ (pig-like), Hipp&pofawMj ampbitfmJ'^ i' ^^ ‘ 

(Fig. 26)- The ina^sorv arc cyUndncal and* in the mindiblc, 

pfocumbent. They and the open-rooted atid coatiniiously 

growing* O is short ajid stout^ beaiiag against the distal wcir-fajcet 
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Fig 26. Dentition of Hippopotamus^ left lateral, lower and upper occlusal 
views. 


of the enormous C^. In fossil individuals, larger than modem survivors 
of the species, this tooth may be up to 5 inches in diameter and 20 
inches long along the outer curve. It is bent, like the tush of a pig, in 
the arc of a circle and is sub-triangular in section with longitudinally 
and diagonally ribbed enamel. 

The cheek-teeth are complete, the molars with four high, conical 
main cusps. When worn, these present a quatrefoil enamel pattern. 
The premolars are large, but simpler in pattern. 
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Jitf Jtrofa (bodi wild and domcsdcatcd races). Catnplcte^ and there* 
fofc geneialiaed, bunodont ckoddoa: iJii-J-i-ii. (Fig, 14 p. 77). 

The upper indioi^ are short and stout, with stroogly-curved roots. 
CJ is fihoit^ ciirviog downwardsj forwards and upwards. Hie lower 
indsors aie long and sleadtfp with straight roots, dosely set in an almost 
horLtontally-procumbent parallel row"- Cj is longi triangular in section 
and opcn-rootcd. It curt'^es forwards* outwards and upwatdsH Its distal 
surface rubs^ with every movement of the jaw's, against the reeurved 
mesial surface of the O* foiming in use an elongated we-ir- facet which 
Truncates the crown of the tooth very obliquely, maintaiiung a sharp 
point and edge to the formidable ^tuab’. The adult canino erupt at age 
6 months, 

Prcmolars* above and below, are small, narrow and scctocial, save for 
P4, which is fairly wide and molarifomi^ Mi —5 increase in lengthy the 
crown consisting of four main cusps with a muldplidty of accessory 
tuberdes^ the whole wcariQg to an cliident gtinding surface of enamel 
folds and dentine. The Mj^s arc particularly long^ having an cxteriMvc 
tapering talon, or heel, behind the main cusps. The M5's erupt at age 
1 yeats^ though the anJinal continues to grow in stature for another 
iB montlu. 

The European wild pig, Shj may be distinguished by its lower 
canine tushes froin the AEiadc mmtaSt for, in the former, the tooth 
has a sharply mangukf section with a "bead" at the bucco-distal angle 
and the faces of the triangular prism arc more or Jess plane, or even 
concave* In the latter, however* the faces of the pdamadc tooth tend to 
be convert and the angles rounded, with no suggesdoo of the 'befld\ 

It is considered that our domesticated swine are d^cended, originally, 
from the Asiadc species, though doubrkss they have been crossed from 
time to time with wild individuflik of Sm smfa. The tu^cs of domesti¬ 
cated beasts, generally smaller, usually tend mher to the Smt rnfa/m 
form, and tJic presence of any weJl-dcfincd Ixad* in the rush points to 
its hax'ing belonged to a wild animaL This feature may be of value in 
distinguishing a hunted from a bred meat-supply and has a bearing on 
economics of early human setUetnents in which pig remains may be 
found* 

The Ruminants. Families Cerddac and Bovitke. Members of these 
two families, the deer and cattle respectively, are dosdy related (sec 
the tabic of the mammals^ p, ij6) and have, superficially, only very 
slight diffcrencea in dmririort. The general partem is extraordinarily 
constant in both ^ig- 27)* 

Dirr (Cervidae) (Fig. 27d, e* f). ^ ^ , The upper incisors 

arc waniang, as ts the canine, in the species with which we are here con¬ 
cerned, save, puhaps^ as an corly-sbed vestige. The Cj is incisiibirm and 
ii closely associated with the row of true incisors, from which it is hardly 






F(g 17, Dcnddons of ox (Bovidic) (a, b, c) nod of femdcer (Cervidae) 
(d, f)* Left Uteral and the two oedusat view 5 teapecdvdy. Both 

on the same saJe. 
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to be distinguisliccL Th«c is a long dksterna, and the chcefc-tccth coo^ 
siat of TTioIarifom piemoLiis and These arc selenodont, with low 

crowns, the premDlata haring a single pair of cfcscende cusps, buccal 
and lingual, the molars two pairs each, Mj having, in addition, a third, 
distal, hcel-like cusp. There is often a small accessory pillar arising from 
the base of the crown, in the fold between the lingual crescents of the 
upper molars and in that between the buccal crescents of the lower. The 
lower cheek-teeth are somewhar nartower than the upper. The upper 
milk-molars ate rather longer mesJo-distally and less regular in pattern 
than the true molars. In the mandible, m,_, closely resfanble the pre- 
molars which replace them, but mj has j lobes, resembling in this 
featun; the third permanent mr>lar. 

The absence of upper incisors is typical of mtninants. The lower 
incisors ate opposed, in life, by a hard fleshy pad borne on the pie- 
maiilla, against which the fbod| chiefly herbage and foliage^ is held by 
the lower inchotB and pulled, rather than cut, off. 

Caiik (Bovidae) (Fig. 27a, b, c). The above descciption of the cervine 
dentit ion applies abo to cattle, sheep, goats, antelopes and gazelles, the 
hollow-homed nimmaots. save that here the cheek-teeth are often 
markedly hypsodont and prismatic and, in tl« case of the cattle, with 
considerable external cement and a strongly developed accessory basal 
pillar in the molars. The genera and species difllre only in minor de¬ 
tails of tooth-pattern and propordDiis, so that, apart &om differences 
in their size, the groups an hard to distinguish by the teeth alone. 
Indeed, these slight differences do not seem ever to have been sys¬ 
tematically and exhaustively studied, so that, from the point of view of 
the archaeolofpst, who seldom has available complete skulls with 
bom-OQies, this is a sedous gap in our knowledge. 
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'The Axial Skeleton 


TitE AXIAL SKELETON with the skuil, of thiC TcttebTal column* 

£ibj and stemuni^ (see io$ 

The vertcbtal coluimi, or backbone 

This consists of a dtain of t^rUhrae subdivided into f anatonucaj 
groups I—the ffTPffta/ (neck), fSara^tc (tiiink)^ /ambjr (loifis)i jsami/ 
(foriximg the mediau part of the pdvis or hip-giidk) and mfyg^ or 
fosdi/ (taut). 

The number of vertebrae in each gmup Is variable in diffcient maim- 
mflltan aped^ sivc for the ccrvicais, which afc seven in DumbeTp with 
rare exceptions (c.g.* some sloths}p whatever the length of the neck. 
Thus, for examplcp the gicoilc (Fig. zh) and the elephant (Fig. 4 »\ 
allkcp have 7 cervical vertebrae, though these arc much elongated in 
the fonnec and exceedingly short and compressed tn the latter. 

The thoradc vertebrae bear ttich a pair of ribft which are joined by 
costal (rib) cartilages with the j/maim (breast-bone), forming the tA&mx. 

The lumbar vertebrae connect ibe ^orax with die hip-gtrdlc. 

The sacral vertcbnic. more or less fused together to foitn the sd^rwi^ 
lie between rhe two halves of the hJpgirdle, dorsally* joining it firmly 
to the vcftebfal column. 

The coccygeal or caudal vertebrae continue the bodily axis into a 
more or less well-developed tail. In apea and man, where, alotse, dve 
external tail is not developed, the vesrigial tail is called the nwryx 
(‘cock-six*). 

A typical vertebra (Fig. z8) consists of the following main parts:— 

t. The body or nffliraw, a generally shon, more ot less cylindrical 
mass of bone, with a thin dense layer of bone-substance externally and 
a close cancellous (spongy) structure widiin; 

24 An arch, called the ofMra/ (nerve) springing dnraaUy from 
each side of the body and enclosing an opening, tlie ftevra/ occu¬ 
pied in life by the spinal chord, the oervous axis of the body i 

j. A procaa projectiog dorsally in the mid-liiie from the Bummic of 
the neural arch“thc jr^wjxtr proem Ot Jjp/W. 

4. TrantPfrse proteisfs, projecting more or less laterally from each side 
of the andi; 

Two pairs of processes bearing articular the and 

poj/mor :i^popfysej (yoke-proces5cs)j by whids each vertebra h linked, 
fcspcctivdy^ with that pteceding and that succeeding it in the colunm, 

*TliU (wtipefly far™ port of ihe afwmldcf-Kifdk, the ikekton. u irrstcd t™ 
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- Neural spine - 

Transverseproc Nib-facet 


Tbst.^^popk Spine 


Neural canal - 
\r'Rib-facet(i) 


■Rib-facet(i) 


Centrum 


Trans.proc. 

Anterior s^gapopl^ses 



Neural spine 


Spine 

Post^^poph. 


Fig 28. ITioraac yc^brae of: (a, b, c) man and (d, e, f) horse, to show 
l^ic similarity of structure and differences in detail and propor^ 
tions. Cranial, left lateral and dorsal views. 


B<^ccn the bodies of adjacent vertebrae there lies, in the fresh 
spedrocn, an intervertebral disc of resilient fibrocartilagc, and the 
bodies, arches and neural spines arc further connected by strong longi* 
^dinal ligaments of fibrous tissue. A small amount of elastic movement 
is thus permitted between adjacent vertebrae, by compression of the 
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disc and tension of the ligaments. As a whole, therefore, the vertebral 
column is capable of considerable latitude of movement in any plane, 
while being exuemely resistant to longitudinal compression or 
tension. 

The vertebrae are first formed in cartilage, which gradually ossifies 
during youth, beginning at several distinct centres, whence the ossi¬ 
fication spreads until the different parts achieve complete bony union 
(synostosis) as the adult stature of the individual is attained. In parti¬ 
cular, the vertebral centrum, or body, is represented by three such 
centres—a main block and a pair of somewhat flat, plate-like ossi¬ 
fications representing its articular surfaces. These are finally joined to 
the body at its cranial and caudal extremities, respectively, only when 
growth is completed. In youthful mammalian r em ains these epiplyses 
(additional bodies) are often foimd still loose and their nature may be 
puzzling until their true relation to the vertebral bodies is appreciated 
(Fig. 30). (See also epiphyses of the ‘long’ bones, pp. I 5 i “^0 

The vertebrae belonging to the five different regions have peculiar 
features by which they may be distinguished, but the ter min al members 
of each region tend to resemble those of the adjacent region, so that the 
transition is not abrupt, but more or less gradual. 

CERVICAL VERTEBRAE (Fig. 29a). Thcse arc, save exceptionally, with¬ 
out movable ribs and are distinguished by their wide, dorso-ven- 
trally compressed bodies and transverse foramina (canak) perforating the 
bases of the transverse processes. The spinous processes tend to be 
forked, or bifid. 

The first two ccrvicals are modified and bear special names. The 
first, called the atlas^ bearing the globe of the (human) head upon its 
shoulders, like the fabled giant of that name, has two facets or.argcxdar 
f ossae to receive the occipital condyles of the skull, which is enabled to 
move at these articulations in a sagittal plane (nodding motion). The 
atlas is peculiar in that it lacks a body, consisting only of a more or less 
elongated ring of bone with transverse processes pierced, as in other 
cervical vertebrae, by foramina. 

^The second cervical vertebra, the axis (axle) or epistropbesis^ has a pro¬ 
jection from its body in a cranial direction, called the odontoid process 
(tooth-like projection) or dens (tooth), which enters and articuktes 
with the ventral arch of the atlas, being in life held in contact with a 
facet there by a transverse ligament. This ligament divides the ventral 
part of the ring of the atlas from the neural cana l. On this projecting 
axle, the atlas is free to rotate from side to side (motion of shaking the 
head). Some quadruped atlases and axes are shown in Fig. 32, for 
comparison with the human bones in Fig. 29a. 

The process of ossification of the axis shows that the odontoid pro¬ 
cess is, indeed, the missing centrum of the atlas, which has become 
attached to the body of the axis for the performance of its particular 
function. Articular facets at each side, facing caudally on the atlas and 
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Atlas (t) 


OdonToid process 

foramen 

Mis{z\ 


Human vertebrae: (a) the seven cervicak (separated), (b) fb 


aaniall7 on axis, meet to support the movements of the atlas abou 
the odontoid process. 

“nie remaining 5 cervical vertebrae are more typical of their kind 
the last one or two showing resemblances to the thoracic scries whid 
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succeeds them. In many species (e.g., man) the 7th cervical has a very 
long spinous process with a club-like extremity, by which it may be dis¬ 
tinguished from all the rest. 

THORACIC VERTEBRAE (Fig. 29b)* Thcsc arc marked, apart from other 
features, by the facets for the rib-articulations (see below). Their 
bodies increase in size caudally and become at first somewhat com¬ 
pressed laterally, then rounder, and, approaching the lumbar region, 
wider transversely. In many quadrupeds the spines are very long, 
espedally in the anterior membra of the series. The spines of most of 
the thoracic vertebrae incline caudally, while that of one towards the 
end of the series (anticlinal vertebra) projects at right angles to the 
profile-line of the vertebral column. TTie remaining thoracic spinous 
processes and the succeeding lumbar arc inclined cranially towards it. 
LUMBAR VERTEBRAE (Fig. 29c). These arc without ribs, but the trans¬ 
verse processes are often very long and flattened dorso-ventrally, re¬ 
sembling short ribs. The centra are larger and more massive than in 
the other regions, the spinous processes short, stout and, as noted 
above, often inclining cranially. 

SACRAL VERTEBRAE (Fig. 31). This is a Small group of vcncbrac, usually 
more or less fused together, at least in adultho^, to form a wedge- 
shaped body, the sacrum, which lies dorsally between the two halves 
of the pelvis and unites them rigidly. 

CAUDAL VERTEBRAE. Thcsc arc vcTy Variable in number, according to 
the degree of development of the toil. In mammals with long tails the 
first few have functional zygapophyscs, a complete neural canal and 
prominent transverse processes, but gradually the arch disappears, the 
various processes arc reduced in size and prominence and the vertebrae 
become mere sub-cylindrical centra without other features. Students 
trained only in human anatomy may tend to forget the existence of 
tails in other animals and to be puzzled when faced with loose caudal 
vertebrae found in archaeological contexts. To the u n i n it i ated they may 
seem to resemble phalanges and their determination if thus interpreted 
is likely to be a lengthy business! 

A vertebral formula briefly sximmarizes the numbers of vertebrae 
found in the diflferent groups. Thus, for man: C7, T12, L5, S4, Cd4— 
or, simply: 7.12.5.4.4., the groups being understood. 

The ribs 

A typical rib (Fig. 29b) from the middle thoracic region has a more 
or less strongly-curved shafts a bead at the proximal end bearing a 
terminal articular facet, and a tubercle at a short distance from it, with 
another articular facet. 

The head of the rib articulates at the side of the interspace between 
the bodies of two adjacent thoracic vertebrae and the tubercle with a 
fiicet on the ventral surface of the transverse process of the more 
caudal of these two vertebrae. In consequence of this oblique attach- 
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Fig 50. Ccrvi^ vertebra of a young ox, with the still separate epiphyses of 
itt cratnim: (a) left lateral view with the epiph3rses detached; 
(b, c) aanial and caudal views of the anterior epiphysis; (c, d) the 
same views, respectively, of the posterior cpiphysw. 
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mcnt the shaft of the rib curves ventrally and somewhat caudally. A 
thoradc vertebra, therefore, exhibits two half-facets on each side, at 
the extremities of the body, for the heads of two ribs, shared by the 
preceding and following vertebrae, with a single facet at the extremity 
of the transverse process for the tubercle of the rib whose head arti¬ 
culates at the more cranial of the two half-facets. 



Fig 3i, 


The human sacrum and coccyx, 
coccygeal (=caudal) vertebrae, 
laterd views. 


Five fused sacral and four separate 
(a, b, c) Ventral, dorsal, and right 


A rib may readily be assigned to its correct side of the body by 
recognition of the shallow channel for vessels and nerves which lies 
within its curve, close to its caudal margin. 

Ventrally, the distal extremities of most of the ribs are connected 
more or less directly by costal cartilages with the sternum. The cartilages 
are ossified in some species, when they are described as sternal ribs. 

The sternum, or breast-bone (Fig. 55c, d) 

This is a bony structure occupying the midline of the thorax, ven- 
trally. It is more or less distinedy composed of segments or stemebrae. 
The most cranial of these is often* somewhat elaborated and is termed 
the prestemum {manubrium stemi in human anatomy). The l^t is called 
the xipbistemum {xiphoid (sword-like) process in man) and the intervening 
segments make up the mesostemum. 

These parts are very variable in shape and development in the 
different groups and may sometimes be characteristic. Unfortunately, 
the sternum is not very dense in structure, so that it is infrequently 
preserved unless an entire skeleton is present, and therefore seldom 
figures in the collections of more usually disjointed, scattered and 
broken bones from archaeological sites. 

The first few ribs are directly connected with the sternum by their 
individual costal cartilages, the middle ribs often only indirectly by 
the junction of their cartilages with those of the former group. The 
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^ ‘floating’, their distal extremities entirely free. In 
addition to ribs, the prestemum gives articulation to the ends 

of the clavicles, where these are present. 

Tbor^ as a whole. This arrangement of ribs, movably and ob- 
hquely articulated with the vertebrae dorsally and with the sternum 
ven^y, by cartilages or distinct sternal ribs, confers some degree of 
flexibility on the thoracic cage as a whole. One reason for this of 
coum, is to enable it to adjust itself to flexions of the vertebral column. 
In addiaon the arrangement is necessary for respiration. 

Ae sternum and distal ends of the connected ribs are pulled 
orally by the appropriate muscles, the dorso-ventral diameter of the 
thorax is mcreased and air is drawn into the lungs by the decrease of 
pressure witl^ the cavity (inspiration). Expiration takes place when the 
mustmlar pull is rela.xed and the structures return to their former 
positions by clastic recoil and their own weight. 

. ’J^c/"ovements of the ribs and sternum in respiration are assisted 
m life by the action of the diaphragm, a large domed muscle, which is 
peculiar to the mammals, completely dividing the thoracic from the 
abdominal cavity. 

Special features of the 
axial skeleton in different mammals 

Vertebral formula 

INSECnvORA 
Hedgehog {Erinaceus) 

Mole (TaJpa) 

Shrew (Sorex) 

The at^ h« usually only short transverse processes. The neural 
spine of the axis is generaUy large, while those of the remaining verte- 
“^“‘conspicuous. The sternum in the mole has an enormously 
T?.®’ Pf“i«num, while the rest of the sternum is 

“ ‘doubtless a fiinction of the burrowing habit and 
powerful fore-quarter musculature. 

RODENTU Q Y 

Simplicidcntata j j ^ 

Duplicidentata y 

The sternum is generally long and narrow. 

co^^TtHl T iconsists of a single wide vertebra 

connt^gthe il^ the others narrower and ankylosed to it. 

In the beaver (Castor), the sacral vertebrae have increasingly wide 
ti^^ proc^ which neatly meet the ischia. The 25 caudL arc 
shon, broad and depressed, forming the flat, spatulatc taU. 

PRIMATES c - - 

Man (Homo) y 


c 

T 

L 
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7 

»5 

6 
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The human atlas is a mere ring of bone with articulai facets above 
and below and short, blunt transverse processes. The axis has a stout, 
prominent, odontoid process (Fig. 29). The spines of the ccrvicals 
tend to be bifid, save for the last two, in which they are rather club- 
shaped. C7 has a very prominent spine. In the thoracic scries the bodies 
become shorter and wider, passing into the lumbars, where the body is 
very large. The spinous processes incline uniformly downwards, be¬ 
coming short and stout in the lumbars. The sacrum is short, strongly 
curved and wedge-shaped. The coccygeal vertebrae are mere bony 
beads. 

The thorax in man and apes is wider transversely than dorso- 
vcntrally, so that the ribs are more strongly curved than in quadrupeds, 
where the dorso-ventral diameter is the greater. This feature dis¬ 
tinguishes human from (for instance) ungulate ribs, even in smallish 
fragments. The costal cartilages are never ossified. The sternum has a 
wide, separate manubrium, affording articulation to the medial ends 
of the strong clavicles (Fig. 35c). The mesostemum is short and flat, 
ossified in a single piece but indistinedy segmented. The xiphoid pro¬ 
cess is more or less cartilaginous during youth and only becomes 
ossified in middle age. 


CARNIVORA 

c 

T 

L 

s 

cd 

Cat (Fe/is) 

7 

*5 

7 

5 

18-24 

Dog (jCanis) 

7 

13 

7 

5 

11-21 

Bear (Ursus) 

7 

»4 

6 

5 

8-10 

Otter (Lu/ra) 

7 

M 

6 

3 

25-26 

Badger (Meles) 

7 

15 

5 

3 

18 

Stoat {Musteld) 

7 

14 

6 

3 

18 

Marten {Martes) 

7 

»4 

6 

3 

18 


The atlas has deep articular fossae for the occipital condyles and wide, 
wing-like transverse processes. 

The axis has a long, slender, odontoid process and a large neural 
spine, produced both cranially and caudally (Fig. 32a-d). The spines 
of the remaining cervicals are small, increasing in length to C7. The 
transverse processes of the cervicals are large and trifid in appearance. 

The long, slender spines of the anterior thoracics slop>e caudally to 
Til (the ‘anticlinal* vertebra), the spine of which is upright. The 
short, stout spinous processes of the posterior thoracics, with those of 
the lumbars, slope cranisdly towards it. 

The lumbar vertebrae have long, cranially-inclined transverse pro¬ 
cesses. 

The sternum is composed of 8-9 distinct stemcbrac, long, narrow 
and of square section. The manubrium is slighdy expanded laterally at 
its cranial extremity; the xiphistemum is long and slender. Sternal 
ribs arc present. The vertebral ribs arc slender, sub-cylindrical and but 
slightly curved—the first few almost straight. 

H 
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PROBOSCIDEA C T L S cd 

7 19-20 4-5 ?4 31 

In accord with the shortness of the neck, the ccrvicals are very short 
and compressed. The atlas is very like the human atlas in form. The 
^s has a short odontoid process and a very strong spine. The remain¬ 
ing cervicals have disc-like bodies with comparatively short spines. 



Fig 32. AtlM and axis (c^cal vertebrae 1 and 2) of: (a, b, c, d) dog; 
8> (•» j» k, 1 ) pig. Left lateral and dorsal views. 


save for C7. thoradcs and lumbars are very massive. Those of the 
extoct K antiquus have spines very upright as viewed from the side, 
*e living spedes and the extinct mammoth (£. primigmus), 
in which they slope sharply in a caudal directiorL The sacrum con- 
sistt, as in the rodents, of a single vertebra with a varying number of 

others ankylosed to it The ribs are rather broad and flat as in other 
ungulates. 


PERISSODACTYLA 

c 

T 

L 

Horse {Equiis) 

7 

18 

6 

Rhinoceros 

7 

19 

4 

ARTIODACTTLA 

7 

I2-1J 

7-4 


s cd. 

5 13-20 


^^The atlas is very long with deep fossae for the ocdpital condyles. 
The transverse processes are flattened but not wide, as in the cami- 
wres. The odontoid process of the axis is generally spout-shaped 
(Pi?* 3 2C, h). In the long-necked spedes, the bodies of the other cervicals 
are long and opUtbocoelous (hollow behind), i.e., the cranial articular 
sur&ce of the centrum is markedly convex, the caudal correspondingly 
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concave. This is especially the case in the horse and rhinoceros 
and in the ruminants (Fig. 30a), but the feature is only slightly devel¬ 
oped in the pig and hippopotamus, members of the less-specialized 
Suiformes. 

The trunk (thoracic and lumbar) vertebrae are also, generally, some¬ 
what opisthocoelous. The spines of the thoradcs are long and laterally 
compressed, being enormously long in the bison. The lumbar trans¬ 
verse processes are long and dorso-ventrally flattened. The tail is very 
variable in length and number of vertebrae. 

Among the common domestic animals of the Artiodactyl group the 
vertebrae of sheep and pig are of similar dimensions and arc easily 
confounded. The following special points of distinction arc worth 
noting for the particular suchacological circumstances we have in 
mind, where it may be necessary to know them apart. 


SHEEP 

Atlas C a uda l margin in dorsal 

view sinuous 

Caudal margin in ventral 
view but slightly concave 

Axis Odontoid process like a 

jug-lip 

Caudal articular facets high 
on the spinous process 
Transverse processes wcU- 
dcvclopcd 

Other Centrum strongly opistho- 
cervicals coclous 


PIG 

Margin evenly curved 

Margin deeply concave with 
a median tubercle or spine 
directed caudally 

Process a sub-cyUndrical 
tuberde, more like that of 
man 

Facets low 

Transverse processes only 
slight 

Centrum hardly opistho¬ 
coelous 


In ruminants the sternum consists of 7 segments, the prestemum 
narrow, widening to the square last mcsostcmal segment. The xiphoid 
process is thin and flat. In the Suidae, 6 segments only can be dis¬ 
tinguished, the prestemum narrow and keeled, the mesostemum 
increasing in width to the last segment. In the horse, the prestemum is 
keeled and projects cranially beyond the ist rib, becoming wider 
caudsdly. In the rhinoceros, it remains narrow throughout. 

In all group the ribs tend to be much flattened, the first few very 
straight where the thorax is narrow anteriorly. The sternal ribs arc 
short and stout, articulating with the vertebral ribs by a cup-and-ball 
joint. 

This account of the axial skeleton and of the difFcrcnccs respecting 
it between mammalian species is rather summary and incomplete for 
two reasons. 
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First, in the condiuons met with by the archaeological p^tcotogLst 
the parts of the axial sketeton found axe often ¥ecy incompJetCp This is 
due, in large part# to the mainly cancellous intcroal structure of the 
bones conoemed and their generally only very thin investment of 
dense bone substance. For this reason they are less resistant to decay 
than, for example, the stout shafo of the long bones. In ungulate 
vcrtrbiac, aJso^ the prominent spines and other processes axe frequently 
found broken* 

Secondly, extraordinarily little attention seems to have been given to 
determinadon of speries from vertebrae, so that little detailed in^ 
formation is available in the literature to enable chamctcTistic and 
easily recognized fcatucea within the Orders to be quoted. Despite 
the former consideration, the material is seldom so d^dent that no 
useful conclusions could be reached if the comparative features were 
better known* There is room for much more work here. 




7 

Shoulder- and Hip-gitdlcs 


Thh shoulder- and HiP-fiiRDLES form links between the fore ^ hind 
limbs and the ami skeleton and aiford firm bases foe the artioilatioa 
of the proximal segments of these. 

Shoulder-girdle 

This consists, on each side, of a gedetally Bomcwhiit triangular 
uapula (sHouldci-blfldc), with or without a elai’kU (collar-bone). Tlw 
latter, when present, articulates at its lateral end wi^ the scapuUaml, 
medially, with the prestemum, cranially to the first rib (Fig. 33c). 

TAtf iiapuia ha^ a laxge main articular suifeoc* shaped like * wniewMit 
irrcgidadr-ovftl shallot dish, flt its voitid angle. Thh h the ^Aw;V 
whidi afFoids ^cubtion* in a ball-and-s^ket joint, for the 
head of the hunwrus (upper arm bone). 'I'hc foncdoii of 
to form a movable, but steady, base for the attachment of tije forc-hmb. 
One set of muscles, arising on the scapula itself, 1^ the task of o ^ g 
the head of the humerus constantly in contact with glenoid 
The muscles which move the scapula, and can hx it in any position 
within its limits of travel, arise from the arial skeleton and are inserted 
round the margins of the bladobonc. The nmvements of the scapula 
thus widen the range of movement of the fore-limb, while reruau^g 
fixed by the oppo^ tension of the muscles whenever the Umb is 

under load. 

In many quadrupeds, the area of the blade is increased by a more or 
less developed cartilaginous extension of its vertebral border, seen 
only in fresh or dried specimens (Fig. 3 je). 

The scapula occupies a docso-laietal posidoo in relation to the 
cranial part of die thorax. A more or less prominent rpjim, ot eleva^ 
process, divides its dorsal surface into two fossae {j*^- and 
Jpinauf fossae in man, pn- and poihscapulur in quadmp^). Its ±oncic 
surface is somewhat hollowed {aib-itapitlar fossa). The tendons of 
the muscles arising from and lying witbio these ft^ac cortver^ 
die pedphcfy of the glenoid cavity and ate tcjeited fit die 
tiibero^tic!^ siicftjimdixig the neck of the humtttil head* By tbeit 
tension they maintaiii this bread in dose apposition to die cavity. 

The distal pan of the spine may be prolonged into a more or lew 
pn^inent, ovechauging process, the ammion^ which, it is 

strongly developed^ has a paJt in the protection of the shoiudcr-joint 
and affords ardcubtion with the cbviclc- The acromion may be ea¬ 
rn 
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tended, more or less at right-angles to the spine, in a caudal diicctioa 
{jrsi/am^ial pr^asr). Another process, the Cis^r<u^id, projects from dose 
to the CTania] margin of the glenoid avity. Like the acrofnion, this 
process is generally small, or eveo degcoemc, in specialiicd quad¬ 
rupeds. Where it is weU dcTelopcd, its apex gives origui lo the fiexor 
mtisdes of the aim and assists in the protection of the very mobUe 
shoulder-join L 

flmdek ('little keyV from the resemblance of its 5 -cunrc in man 
to an andent type of key) functiocis as a stmt (compression-member) 
between the scapula and the prestemnm, maintaining the shnuldcr- 
joint at a constant distance from the midiinc of the tbora:r. It is fuDy 
developed only in the Primates and in otbeCp more primidve, mam- 
maJs, where the fore-limb has great latitude of movement; especially 
in atH^uctioo (extended laterally, at right-angles to the m.s.r.). The 
clavicle resists the medial thrust of the limb and prevencs lateral com¬ 
pression of the thorax, and consequent restriction of respiration, when 
the limb ia under load in this atdtudru The functiooa] leladon of the 
shoulder-girdle as a whole with the manner of^lifc of the animal will 
be apparent when we cX)iisidei its dcYelopmcnt in the various groups. 

Characteta of the shoulder-girdle in different mammals 

tNSEcnvORA- Mole (To^) {Fig. 55 b). The scapula is very long and 
narrow^ rod-like rather than blade-like, wath spine and acromion only 
slighdy developed. The davide (possibly clavicle and coracoid com¬ 
bined) is aJmewt cubical^ so stout and short is it This is dearly a future 
adapted to the action of die enormously powerful fore-limb, used in 
burrowing. 

Shrew (Jbrw), The scapula is narrow, but more blade-like than io 
the mole. The slender acromion is bifurcated into an anterior portion 
supporting the clavicle, and a postt^oriy-diverging metacromion. 
The davide is very long and slender. 

Hedgehog (F^. 53 a), Tlie scapula is of noimal blode- 

fnnn, with a well-dcvdopcd spicre and undivided acromion. The 
clavicle is present, but is snuU and evidently unimportant in an animal 
which neither dimbs nor dtga a burrow^ 

CHmoiTORA {Bats: Fig. j^d). Scapula large and oval, prescapular 
fossa very small, spine short. There hi a large, undivided acromion 
and a long, curved coracoid. The davide is oho very long—evidently 
on important structure in a flying onknaL 

KOon-mA. The scapuk is often long and narrow, of very variable 
outline. The acromion is long, often with a large nietacroinial process, 
as in the hare {Upiu) (Kg. 5|g), the marmot {Aijirmcfa) (Kg* i^h) and 
the porcupine (Fig. 3|f), but the beaver (Cai/cr) (Fig. 3 je) 

has a very large and strong, but undividctl, acromion. 

In some spedes (e.g., ho^), the notch between acromion and spine 
is very deep. In all these the coracoid is no more than a small, biunr 
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Fig 53. Shoulder-girdles and scapulae: (a) hedgehog, (b) 

” (d) pipist^bat, (e) beaver, (f) por^pme. (g) hare ^ 

(i) dog, 0) brown bear, (kl hya^ G) domestic cat, (m) U w, 
(n) o^. M are left scapulae in lateral view, save (c) and (d), the 
light, seen from the ventral side* 


process. The clavicle is small, slender and, in some, is abs^t altogetl^. 
PRIMATES. In man (Fig. 53c). the scapula is short a^ ^di^ a ro^Uy 
right-angled triangle with the right-angle tr^at^ by ^ 8^“^ 
cavity and the hypotenuse formed by the verteb^ border. The sTOng, 
hLh spine divide its dorsal surface into a small supra-spinous and a 
large infica-spinous fossa. The acromion is very long and strong, ex 
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panded dlstally and over-hanging the shoulder-joint. The coracoid 
process is a relatively long, but stout, hook. The clavicle is rather short 
and stout, s-curved, crossing the shoulder diagonally from back to 
front, in a medial direction, to meet the manubrium of the sternum. 
The whole structure of the shoulder-girdle bespeaks a powerful, 
mobile and adaptable fore-limb. This description applies, with minor 
differences of form and detail, to the apes and lower Primates. It is 
significant for the history of man’s evolution that these, his closest 
living relations, are nearly all arboreal in habit. 

CARNIVORA. The well-developed spine divides the scapula into prac¬ 
tically equal pre- and post-scapular fossae. The acromion is prominent, 
sometimes with a well-marked metacromial process; the coracoid small. 
The clavicle, when present (Felidae, Gmidae) is rudimentary and 
functionally useless. It is, surprisingly, absent altogether in so un¬ 
specialized a Family, and such capable climbers as the Ursidae (bears). 

These features point to a somewhat advanced quadrupedal status in 
the Order, but without such complete loss of adaptability in the move¬ 
ments of the fore-limb as is seen in the ungulates. 

Felidae (Fig. 33I). The scapula is D-shaped; the caudal border rec¬ 
tilinear, the cranial almost semicircular. The spine crosses the D 
diagonally to its lower comer, making an angle of about 30® with the 
caudal border. The acromion is fairly strong and there is a short, stout 
metacromial process. The crest of the spine is somewhat turned over 
caudally. 

Canidae (Fig. 350 * The outline of the scapula is sub-rectangular, 
save in the fox {Vulpes)^ where it is more rounded, with a marked 
coracoid notch. The spine runs diagonally. The acromion is more 
strongly developed thm in the cats, but the metacromion is only 
slightly indicated. 

Ursidae (Fig. 33)). The scapula is somewhat D-shaped, but therft is 
more of an angle at the dorsal border at the point where the spine 
arises. The spine makes an angle of nearly 45® with the caudal border. 
The acromion is strong, without any indication of a metacromial 
process. 

Mustelidae. The outline of the scapula is very variable. It tends to be 
short and broad with a very wide glenoid cavity in comparison with 
its total area. 

Badger {Miks) (Fig. 33 m). Rectangular, with a marked coracoid 
notch. Acromion weak. 

Marten (Aiar/fj). Almost oval, with small acromion and short, stout 
metacromial process. 

Stoat {Miistela), Rather oval, save that the caudal border is straight 
and appears to be a chord cutting off a segment parallel to the long 
axis of the ovaL Acromion slender but pro minent, with a small meta¬ 
cromial process. 

Otter {Lktrd) (Fig. 33n). The outline is similar to that of the badger. 
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but the sp™ nearly pacdkl with the cauflal bofikr. msmd of 
diagonal, and the dorsal angle, in consequence. Is less pcononnecd* The 
acTomion and memetomion are more strongly de¥eloped chan in tht 
badger. 

Glutton {Git/o). The scapula is very like that of the badger, save 
that, here, the acromion and mctactomion are strong. 

Hjama (Fig, y^h). The scapula is a paiallclogmm in outline, though 
with rounded-off angles, the spine fomiing the long diagonal. The 
acromion is dog-like rather than cat-like, i-c-, without a jnetacromkl 
process. 

pROBOsetOEA {Fig» 54)- The scapula is apparendy very variable in form 
in the different spcdcs, In the extinct members this is probably due, in 
part^ to deficient mateckl and imaginative restoration. There is no 
clavicle. 

FJefihas mnidir^naits (Fig* 14^)* The sapula is markedly qua^ilatml, 
with almost tecrilincar borders. There is a lathcr small pre^spinous and 
an enormDus post-spinous fossa. The caudal bonder of the latter part 
projects in a prominent, but obtuse, angle. The acfocpion is relatively 
small, but recognizable, and a very long tnid-spinnus process overhangs 
the post-spioous fossa, its slender extremity being directed rather 
v'entraUy- 

£. anii^ (Fig. J4b), The borders of the scapula tend to be coucave. 
The pre-sp"mou8 fossa is narrow, the post-spinous even wider than in 
/jtmJiOffo/tj and the angle of its caudal border is somewhat acute* The 
mid-spinous process arises along the whole crest of the spin^ but is 
relatively short. Its cavidally most prominent part Is at about nud-spinc 
and forms a very obtuse angle. The flcromiou Is only very slightly 
developed. 

E, pfimgemMf (Fig* J4c). The scapula is triangulM, with rouuded 
angles and somewhat concave borders. The pre-spinous fossa is cs- 
cccdingly narrow, ao that the border between the origin of the spine 
and the most cranial angle, forming a distinct rectilinear side of the 
quadrilateral in H. wfriquur, has its contour reduced, in 
to a bluntly-rounded border* 'fhe two caudal borders of the large 
post-spinotis fossa lie almost at right-angles, though the angle itself* 
where they incct* is blunt and rouuded. The acromion is reasonably 
wdl developed. The mid-spinous process has the form already 
cribed for E miridic^i/M 

E aJHrmuf (Fig. j4d). The scapub U sLmibr to that of 
save that the borders are, except the caudo-vential, convex and the 
angles not so marked. ITie pre-stsipular fossa b relatively wider than 
in There i$ a coosidemblep Bomewhat knobbed, acrQmion 

and the pfomintni, slender mid-spinous process arises from the ventral 
third of the erpine only. 

E ffioximm (syn. (Fig. 54*=)^ The whole srapub is much 

narrowed in its dorsal third, where ihc pre- and post-spinous fossae 
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Fig J4. scapt^ of elephants: (a) E. rntridiotulis, (b) E. mtiquus, 
(c) £. pnmig^us^ (d) £. afrkanus^ (c) J 5 . maximus (Indian). All on the 
same scale. 


arc sub-equal. The latter is, however, much prolonged into an acute- 
angled caudal angle, m a king the relative overall proportions gtnnilar 
to those described for £• ajricanus. The acromion is vestigial and a 
short, blunt mid-spinous process arises from the middle third of the 
crest of the spine. 

PERissoDACTYLA. Khtnoceros (Fig. 35a). Scapula long and narrow, sub- 
rectangular, the spine arising in the middle of the short dorsal border 
and nearly bisecting the blade parallel to the longer sides. The acromion 









SHOULDER- AND HIP-GIRDLES I25 

is practically indistinguishable, but there is a large mid-spinous pro¬ 
cess, turned caudally and overhanging the p<»t-scapular fossa, which 
is the smaller of the two divisions. The coracoid process is a prominent 
stout knob. No clavicle. 

Horse (Equus) (Fig. 55b). The scapula is long and narrow, more 
trian gular than in the ttooccroses, with a wide neck. The origin of 
the spine divides the dorsal border unequally, about one third of the 
area of the blade lying in the pre-scapular fossa, two thirds in the post¬ 
scapular. The acromion is rudimentary, but the coracoid is a pro¬ 
minent rounded knob. The spine ends nearly in the mid-line of the 
neck (diff. ruminants). A mid-spinous process is only indicted by a 
slight, didiise retroversion of the edge of the spine. No clavicle. 
ARTIODACTTLA. Suiformes. Hippopotamus (Fig. The scapula is 

relatively short and wide, irregularly polygonal in outline. The three 
major borders are rectilinear, but the two dorsal angles are tnmeated. 
The spine is low and follows an irregular course from its origin, w^ 
the dorso-cranial angle, to its indeterminate end at the glenoid 
cavity. Its edge is irregularly turned caudally to overhang the post- 
scapular fossa, but there is no well-defined mid-spinous process. The 
coracoid is a stout, short hook below a well-defined coracoid notch in 
the pre-scapular border. There is no acromion. 

Pig (Sus) (Fig. 35c). The scapula is an isosceles triangle with regular 
borders. The origin of the spine divides the dorsal border into one 
third (pre-scapular) and two thirds (post-scapular) and ends without 
trace of an acromion near the mi d l i n e of the ne^ (diff. ruminants). 
The crest of the spine is turned, along most of its length, to overhang 
the post-scapular fossa, and there is a well-marked mid-spinous process 
in its dorsal third. The coracoid process is a mere swelling cranially to 
the glenoid cavity. The neck of the scapula is well marked, but there 
is no real coracoid notch. 

The scapula of a pig is readily distinguished from that of a ruminant 
of comparable size (e.g. sheep) by the almost central position of the 
spine relative to the neck of the bone and by its thickened borders. 
These make the pre- and post-scapular fossae, as well as the sub¬ 
scapular fossa, markedly excavated close to the neck, which is the part 
of the blade-bone most often weU preserved. _ 

Rumiaants (Cervidac, Bovidae) (Fig. 3JC, f, g. h). The scapula is c:^- 
ordinarily alike in all the ruminants, the genera diffenng only m minor 
details. One general description thus serves for alL Exact determina¬ 
tion is usually possible only with adequate comparative material. 

The blade is almost an isosceles triangle in shape, the dorso-caudal 
angle being slightly mote acute because a convexity of the cranial 
border in its dorsal third brings the dorso-cranial angle close to a blunt 
right-angle. The spine arises at the boundary between the ctanid 
fourth and the caudal three-quarters of the dorsal border and runs in 
an almost straight line to the neck of the scapula, where it ends wcU 
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short of the glenoid cavity. The crest of the spine is somewhat sinuous, 
overhanging the post-scapular fossa in its dorsal two-thirds and in¬ 
clining towards the pre-scapular side in its acromial part. The acro¬ 
mion, at the lughttt point of the spine, is represented only by a slighdy 
thickened projection, separated by a shallow notch from the termination 
of the spine at the neck of the blade. The coracoid is a short, somewhat 
hooked, process, only slightly less rudimentary than in the Perisso- 
dactyla. 

Even generic morphological distinctions reside in slight differences 
in curvature of the borders of the blade, in the shape and extent of the 
sub-acromial notch of the spine and in the form of the glenoid cavity 
^d adjacent coracoid hook. These are almost impossible to describe 
in words. Some examples are illustrated in Hue (1907) and should also 
be studied in recent comparative material. Absolute dimensions are 
at least a negative guide, enabling some genera to be excluded with a 
^^S^ce of certainty and m a kin g it improbable that the bone in 
question belongs to some others. The likely attributions are thus re¬ 
duced to only a few. 

A small number of possibly distinctive points may, however, be indi¬ 
cated, though they are not based on study of any large number of speci¬ 
mens and are less likely to be useful in the case of fragmentary material. 

Elk (y^M). Blade rather wide in proportion to its length, sub-acro¬ 
mial notch fairly deep, acromion scarcely thickened, glenoid cavity 
^ost circular and the antero-lateral lip of the cavity prominent. 
Coracoid, a prominent knob, not excavated on its thoracic aspect into 
a hook. 

Red deer {Cenms elapbus) (Fig. 3je). Oudal border of blade markedly 
conva in le middle third. Neck of blade slender. Antero-Uteral lip of 
glenoid cavity not prominent but distinct from coracoid in lateral view. 

Rcmdeer (KMpfer). ^udal border of blade straight. Neck relatively 
wider, sagittally, than in red deer. Spine has a strongly undercut sub- 
acromiri notch. Acromion slightly thickened. Glenoid cavity ovaL 
Q>racoid very blunt, merging with the anterior lip of the cavity in 
lateral view, but slightly excavated on its thoracic aspect to fomi a 
blunt hook* 

FaUow deer (Dama). Dorso-caudal angle of blade barely acute, very 
dose to a nght-angle. Crest of spine markedly overhangs post-scapular 
fossa in its middle third. Neck of blade slender. Well-marked sub¬ 
acromial notch. Coracoid relatively light and well detached in a hook, 
i^tenor hp of glenoid cavity indistinct, so that the cavity is practically 
circukr. Smaller than red dccr. 

Roc deer {Capmlus). Very smaU size—less than sheep, but slender in 
the manner of aU deer. Dorso-cranial angle of blade weU rounded. 
Dora^caudd Mgle markedly acute (dose to 65®). Coracoid slender and 

fro™ anterior lip, though the latter is not very pro minent. 
Glenoid cavity slightly ovaL 
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Cattle (Bos) (Fig. 35f). Scapula relatively long and narrow, with a 
^ut neck. dorso-cranial angle is acute, the dorso-caudal obtuse, 
rhe emt of Ae spine is more sinuous than in the deer. The acromion is 
indistmct Md there is no definite sub-acromial notch. The glenoid cavity 
IS somewhat oval and the coracoid, though blunt, arises in clear de¬ 
tachment from its anterior lip. 

Bison 5 jh). The scapula is very long and narrow, with a stout 
neck and smuous crest to the spine. The length of the blade is associated 
with^ cRT^y prominent neural spines of the anterior thoracic 
vertebw, giving the animal the characteristic hump at the withers. The 
gener^ outline of the blade is much more rounded than in Bos, both 
dorsal angles being indistinct and the vertebral border convex. The 
a^mion and sub-acromial notch are more distinct than in Bos, The 
glaioid cavity u markedly kidney-shaped and the coracoid, though 

s^mg close to its anterior lip, is distinct from it and forms more ^a 
hook than in Bos. 

Sheep, Gtm {(Ms, Capra) (Fig. 3 ,g). The scapula has a blade propor- 
tj^y wid« than in Bw and a much more slender neck, as in the d«r. 
^ course of the crest of the spine is more sinuous, however, than in 
the latter ^ the outlines of the blade more severely rectilinear. The 
acromion is somewhat thickened and the sub-acromial notch perhaps 
more pronouna^ m goat than in sheep. The coracoid is large and 
distin^y hwked, but is scarcely separated from the anterior lip of the 
gkmoid ayity, which, save for the projection of the lip, tends to be 
only shghdy oval or almost circular. 

Saigfs.A^ borders of the blade are convex and the spine, for a rumin* 
ant, IS high. Its crest follows a rather straight course and has no thicken¬ 
ing at the acromion nor any sub-acrominal notch. The glenoid cavity 
18 rather lo^ sagittally and narrow, with a prominent anterior lip. 
T^^coracoid arises close to it, but is slender and well-detached in a 

Oi^ois i^picapra). The scapula is very similar in sixe and lightness 
of build to that of the roe, but has a very straight caudal border and a 
more o t^ orscycaudal angle (70“). The spine is not distinctive, but 
tte gl^oid cavity IS nearly circular and the coracoid, though somewhat 
hooked^ IS scarcely distinguishable from its anterior lip. 

Musk-ox (OW^i). The scapula is about twice the sire of that of a sheep 
or a goat but of $11^ proportions. The dotso<audal angle is, how- 
*^f^’.***^* ** ^ these, but is close to a right-angle. The sinuous 

spinaj crest ^mbles t^t of Bos, but the acromion is slightly 

cotacoi and anterior lip of the glenoid cavity are scarcely separate. 

The hip-girdle or pelvis (Fig. 36) 

/ structure on either side, the « hmominatssm 

hair«r>. ..-n (hip-bone), meeting its opposite 

half vcnttally and connected therewith dorsally by the sacrum. Strictly 
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the process of ossificstion. 


.paktag. d«rfore. ihe pel™ induto the 
innominata arc often loosely referred to as the nght an 

function of the pelvis is to li^ the hi^ 
biel column, but. unlike the thouldet-ginile. this hejn 
nJit.dfmov.li in tetadoo to the «id .kdeton *>“•“ 

Aon, stnmg Ug™«nt.. Futther funettoo. urn to mmt m the mp- 
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attachments to the musdes moving 

innoininamm consist! of three bones, the htbium and 
pukt, separate in youth but becoming fused together as soon as adult 
^ture 13 flctsmed. These three come together at a tti-radiate junction 
ifiej to fom a roughly hemispherical cup, the acttabfdum^ which 
the head of the thigh-bone (femur) to form a universal toiat. 
The thorn c^cis doisaUy vtith one side of the sacmni, the ischium 
pr^cts caudaUy and bends ventrahy to meet the pubis, while the two 

Che midhne of the body at the pubk 

T f s 5 de a large oval openin^the 

obturator Jaramm, The complete pelvis forms a more or less tong mbe, 

pamiritiom 

^ugh the separate hones of the two ossa innominata are completely 
w ' =»<lulthood, the loiQts between the sacrum 

tod two^a joints) and the joint at the symphysis pubis are 

!! M? innomirulGi, therefore, 

gtocrallj M apart OD decay of the ligameots and compleie pelves are 
seldom found m the fowil state, at last in man* I« » »« 

Particular features of 

the pelvis in different groups of maiiifnals 

j'"'" •J’c pubic 

eo3« “ A ankylosed, in others short, though in 

the case with^h^^ k alL The last is 

^ i\cDd^, the ilium rod-Iikc 
“’d «chia arc large and 
caudally. The pubte sj-mphysis is long and is nsoaJIy coi^tdy 

,c ^ man (Fig. jfia, b, e), owing to his habitually erect posture, 

^ prop^om of th. pdvi. « vay diftrat f™. rtiojof a»S™p«5 
»d. .vc„ ftom d.™e of hi, o«,a, .j,, ^ tiS« 

^.^ooo „ j„y ,h„n ^ ^ 

dim,o5 ^ *'Pubis iodSom m 

Short and s trongl^vcTgcnt. the pubic symphysis short and only Very 

mrd j ankylosed. The broad and everted ilia forin a son of basin, thiS 

StmcT-Sr:.';;:!!' l^tcn^ organs in the erect 

somewhat hi=wt-;haped, wider 

the sae^ ^ curvature of 

th^emm, the short tube formed is not cylindrical but Lot. 

in^ « f ™ e«« value in determin- 

^ importance in this cormec- 

Oiapte M (p* ifc). In apes, the 05 innomioatum 
IS much longer, preportionarely, than in man, more dosely reacmbling 
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Fig J7. 


ft iimominate bone* of (•) b»*ti 0 >) 
eep, {f) i«l deer. Uft litEfal views. All on 

re (ft). 


(c) borw, (d) 01, (e) 
the ssme (Itivcr} scale. 


tbe usual s^P«J ^ 

though this bone is broader and mote ev^ thw m qiiadtup^s. 
CAfimvORA fFur. 36c. d). The pelvis is long and uairov^ ^e 
coodnuing of the ilU and 

is ilendeffnanow, and mote or leas paiallcl-aided and its vential snrfacc 
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not everted. The broad ischia arc much divergent caudally, with prom¬ 
inent, laterally-directed tuberosities. The symphysis is long and is 
formed in part by the ischia as well as by the pubes. It is generally 
ankylosed in the adult animal. In the hyaena the pelvis is much shorter 
and wider, the ilia being more everted than in oAer carnivores. 
PROBOSCEDEA (Fig. 4a). The pelvis is very wide. The crest of the ilium 
is enormously expanded dorsally, the whole bone short and fan-shaped; 
the ischium and pubis relatively short and stout also. The whole ap¬ 
pearance of the pelvis is thus much closer to that of man than in most 
quadrupeds. 

PERissoDACTYLA (Fig. 37c). The ilia are very long, broad dorsaUy but 
rapidly contracting to a rather long, slender neck above the acetabulum. 
The ischia arc fairly short, as is the pubic symphysis. The obturator 
foramen is nearly circular. The acetabular notch is rather widely open 
vcntrally. 

ARTiODACiTLA (Fig. 57b, c, d, c). Though the whole pelvis is much 
elongated, the ilia are relatively shorter than in the Perissodactyla, ex¬ 
panded and everted dorsally, but with a neck not so slender. The isdiia 
are long, generally wide and everted caudally, with a well-marked ex- 
temal tuberosity in the middle of the caudal extremity. The symphysis 
is extremely long, where it is rather short in the Perissodactyla, and the 
obturator foramen forms an elongated oval. In the Suiformes (Fig. 37b) 
the acetabular notch, as in the Perissodactj-^la, is wide open ventrally, 
whereas, in all the ruminants, it is more (Bovidae) or less (Cervidae) 
closed near the ventral margin of the acetabulum by two over-hanging 
‘lips* of the articiilar surface (Fig. 37d, e, f). This is a very useful distinc¬ 
tive feature, since the parts of the ilium, ischium and pubis at some 
distance from the acetabulum are often destroyed in bones from archae¬ 
ological sites, while the dense acetabulum and its immediate surround¬ 
ings arc more frequently well preserved. 

Another feature distinguishing the ruminant os innominatum from 
that of Suiformes and Perissodactyla is the presence of a deep oval 
depression on the lateral surface of the ilium, immediately above the 
acetabulum, the supranuttabtilar fossa. For the reasons stated above this 
is also a very useful feature. 

As in their other bones, the ossa innominata of the deer (Cervidae) 
tend to differ in general from those of the Bovidae by their lightness of 
build and greater elongation, though, in the comparatively heavily 
built elk (y 4 /w), for example, this difference is not so marked, while 
the feature of slenderness is shared, on the other hand, among the 
bovids, by the chamois {Kupicapra). 


8 

The Fore-limb 


*Long* Bones 

The principal bones of the limbs, the ‘long* bones, differ in structure 
from those of the skull, axial skeleton and girdles. 

The term ‘long*, as applied to a bone, carries no implication as to 
length, cither absolute or relative to the rest of the skeleton. In the ana¬ 
tomical sense it refers to this peculiar structure, which is, indeed, 
characteristic of the longest bones in the appendicular skeleton. 

A ‘long* bone (Fig. 38) consists of a shaft (diaplysis) and articular ends 
{epiphysts). The latter bear joint-surfaces, covered in the fresh specimen 
by artiailar cartilage, at which they meet and move in contact with 
adjacent bones. 

The shaft of a long bone is constructed of compact bonc-substance, 
somewhat cylindrical in section and hollow, the cavity, in the fresh 
specimen, being filled with bone-marrow. This has special physiologi¬ 
es functions in life, in particular the elaboration of the red blood-cells. 
Mechanically, the hollow shaft has the advantage, over a solid bone, of 
much greater lightness with only a very small decrease in strength. 

The mechanical principles involved can easily be demonstrated by 
rolling a sheet of paper of ordinary thickness into a fairly tight, hollow 
cylinder. The paper thus acquires considerable rigidity and resistance to 
a bending stress, as well as surprisingly great strength to withstand 
longitudinal compression. Its strength in these respects would not be 
commensurately increased if it were a solid cylinder, instead of being 
hollow, since it is the periphery of the section which docs most to resist 
bending stress. 

The epiphyses, on the other hand, have the same kind of spongy 
(cancellous) internal structure covered by only a thin layer of dense bone, 
which has already been noted in the bones of the axial skeleton. The 
epiphyses arc short and often very stout and, in their position at the 
ends of a long bone, they arc in no danger of fracture from bending 
stresses. They do, however, have to withstand pressure from adjacent 
bones, when these ate under load, and the localized tension of the 
muscle-tendons and joint-ligaments attached to them. The cancellous 
structure confers great tensile and compressive strength while economiz¬ 
ing in material and weight. 

Growth of long bones 

The long bones arc pre-formed in cartilage (*grisdc*), which begins 
in early youth to ossify from one centre for the shaft and others for the 
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tennuwl epiphyses. The« separate bony nusscs are not firmly united 
until the ^uJt dimensions of the bone have been attained. The shaft 
incr^cs in length by the progressive ossificadon of the layers of 
cartilage interposed hcTween it and the epiphyses (epiphyseal cartilages) 
while constantly grow in advance of the process of oesification 
until the bone reaches its full size. Growth of the cartilage then stops 
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Humcrui of a yoi^g pjg, ^ (how the stiU loose epip] 

of the distal end, sepa^w 
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^ cpiphysea become united with the 
^ ” V ^*^*1 more protnlnent processes for the 

of Itiu^e-tcndons often have separate epiphyses. Such are 

(P- tyj) and the tr^hanteis of the 

tP^ / ^hich 4 lsd hav 4 ^ to grow ia pfoportion as the Ijortc 

mcreases in sjsc* 

^ “ determining the age of 

^uthfu] mdjviduals from the long bones. Fuller details wiU be found 

OQ pp. ^26^ 219, 

“tremitiea arc long' bones, as defined, 
ftanut ft * Broupa of bones, at the wrist (carpus, p, 146) and ankle 
(tit^us, p. ITOJ rcspectivdy, and for the sesamoid bones (p. 171). 

'Thu fore-limb 

two see-m^f*^^ from its extremity p. 146 If) consists of 

and the r«iW (Fig. '^P^^^ted by two bones, the 

artimlattt ^1*'^ ^ spherical form, by which it 

scapula. The if r glenoid cavity of the 

ca of the humerus projects somewhat dorsally and 
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caudally from the main axis of the shaft of the bone and is borne on a 
rather ill-defined neck. Two tuberosities, the greater, or lateral, and the 
lesser, or medial, stand at the base of the neck on the anterior aspect of 
the bone. They afford attachment for the muscles originating on the 
scapula which keep the head of the humerus in contact with the glenoid 
cavity. The tuberosities are separated by a bicipital groove, which, in life, 
accommodates the tendon of the long head of the biceps muscle. 

The shaft of the humerus is more or less cylindrical, but may have a 
prominent deltoid ridge crossing its anterior aspect diagonally, medially 
and distally. 

The dis^ articular end of the humerus meets the ulna and radius in 
the elbow-joint. It is marked principally by a sub-cylindrical pulley¬ 
shaped articular surface, the trochlea, an^ in species with a separately 
movable radius, a small rounded knob lateral to the trochlea, the 
capitulum. The distal end of the humerus is often much elongated trans¬ 
versely into a lateral and a medial epicon^le. The latter is usually the more 
prominent. Immediately above the trochlea, before and behind, are a pair 
of fossae which respectively accommodate the coronoid process of the 
ulna in full flexion {coronoidfossa) and the olecranon process of the ulna 
in full extension {olecranon fossa) of the forearm. The latter is much the 
deeper. The floors of these two fossae are usually separated only by a 
thin septum (partition) of bone, which, in some species, is actually per¬ 
forated {supra-trochlear perforation). 

Where the medial epicondyle is supported by a prominent ridge 
running up on to the shaft of the humerus, this ridge is often grooved or 
perforated close above the epicondyle to transmit the brachial artery 
and nerve {entepicon^larforamen) (see Fig. 4oh^). The presence or absence 
of this foramen is of systematic importance. The lateral epicondyle may 
also, in some species, run proximally into a pronounced ridge, the 
supinator ridge (Fig. 4of). 

The ulna meets the humerus in its deep trochlear notch, which receives 
the trochlea of the humerus in a hinge-joint. The notch is delimited in 
front by the coronoid process and behind by the olecranon process. At the 
extremity of the latter is inserted the tendon of the triceps muscle, the 
principal extensor of the forearm. Its development is, therefore, a 
measure of the power of that muscle. While the ulna thus always plays 
the major part in for ming the elbow-joint, its shaft and distal epiphysis 
are oft^ much reduced in size and independence, particularly in the 
more highly-specialized quadrupeds. 

The r^us, in species having a scparately-movable radius, lies along¬ 
side the ulna on its lateral side. The bead of the radius, in these species, 
is somewhat cylindrical, bearing with its circular end on the capitulum 
of the humerus and being more or less free to rotate about its own axis 
against a small lateral hollow facet on the ulna {radial notch), with which^ 
in life, it is maintained in contact by an annular ligament encircling the 
head. In most quadrupeds, however, the radius has become the principal 
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imponancc in dctcrrniniiig the degree of ^pccklizatioa Attiified by tl^e 
anknai owning them, and, hence. In helping to assign the hajyos to a 
particular spedcs or larget gtoup. 

Special fcatorea of the 
fore-limb bones in the different ^mupa 

rNSECTi\^ORA+ The hiimcms is generally relatively long and slender but 
tile neck of lU head Js indistinct, ihc rubcrosidcs are large and project 
above the articular aurtacc of the head. The disui part of the shaft 
c\in*es anteriorly raihcr sharply. The deltoid ridge is long and promin¬ 
ent and the olecranon fossa deep. Ulna and radius are separate, the 
former well-developed, but little movement between them is possible. 

Hedgehog (lifxWfjw) (Fig. 40a). Supra-trochlear pcrfniation pfesent 
and large. EntCpicondylai* foramen tacking* Ulna much stronger than 
radius. 

Mole (Fa/pa) (Fig. 4Qb). The humerus is exceedingly short and stout 
with an enormous distal articulatiort. A large saddk-shaped prosimal 
articulation with the clavicle is present, as well a narrow^ oval h^ 
articulating at the glenoid cavity. Both epioondvlcs have slender, 
proximaliy directed processes. There is an cntepkondyki foramciL 
Ulna and radius are relatively long, equally developed, separate, but of 
restricted movement bctu^ccn themselves. The peculiarities of this 
fore-limb are spedsUkadons to support the very powerful digging 
muscles. 

Shrew (Smx) (Fig. 40c). All forc-hmb bones slender, ulna and radius 
equally developed. 

CHiROPTERA (Fig. 40C). AH forc-limb bones are slender, the humens 
very long, the radius more than rwice as long again. There is no entepi- 
condylar foramen. The radius is by far die moxc important of the forearm 
pair and the uTna k ankyloscd to iL 

RODE^rnA. The fore-limb bones axe very variable—humerus geoeraiiy 
slcmdcr and straight^ with but sliglidy-dcveloped muscular proorascsi a 
supra^trochlear perforation bur no cntcpicondylar foramen. The ulna 
and radius arc separate, with a variable amount of rnovement between 
them possible in various spedcs. Exteemes, for our purposes, arc 
cepiesented by the hire {Lep/*s) and beaver (Cw/or) (Fig. 4od). The 
former has a smooth, slender, rathei Curved humerus with a narrow 
trochlea. The n| na is stouter than the radim, which Is closely applied 
to it and relatively immovable. In the beaver, both deltoid and 
supinator ridges are prominent and the medial epicoctdyle is especially 
strongly developed. The former is a notable runner, the latter animal 
less spccislkcd and mure xdAptablc li^ movement. 
kimATES- In man and other higher primates the fore-limb (nxm) is 
especially dime teds tic. The humerus is extremely long, slender mi 
straight^ with but slightly preeminent muscular attachments* The head, 
in parricukr, is almost Jbcmispherical in ishapc, affording great latitude 
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for^limb and moatu in some mfliniiuiUan grnupf: 
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of mo^’cmefit in aJJ directions, sind this is distmetive. However extensive 
the ardcukf surface of the humeral head m quadrupeds^ it b ncvicr so 
strongly curved in every diiecdofn as to be quite henusphericalr even in 
the Carnivora. Owing to the prominent head and the relative slightness 
of the tuberosities, diese latter never attend proiimaliy beyond the 
ardculai surface oF the head, as is commonly the case in quadrupeds^ 
At the distal end of rhe humerus, the trochlea b flanked laterally by a 
dbtinct and prominent capitulum for the amculadon of the bend of 
the radius. The medial epicondylc is specially pmminciit, since it gives 
origin to the Strong common flexor tendon of the hand- and finger- 
muscles^ necessary for a firm grip in climbing and manipubtipg^ 

The coronoid ^sa is more marked, the olecranon fossa less so, than 
in quadrupeds^ though the latter remains the deeper of the two in the 
absolute sense. There b no supra-trochlcar perforation, nor any entepi- 
condylar foramen. 

The ulna and radius arc of equal development, separate and fredy 
movable the one on the other The ulna plays the larger part in forming 
the clbow-joiut, with a deep trodilear notch and a prominent coronoid 
process. The olecranon proce^, howeverj though stout, b very short, 
and the tneeps muscle, whidi extends the forearm at the dhow, has, in 
man^ a leverage of no more than i inch from the centre of the elbow- 
joint. This is markedly distinct from die condition seen in quadirupcds, 
where the olecranon is rclativdy long. The mecharucal reason for tJib is 
that, in quadrupeds, the triceps tendon is under constam tension while 
the animal is standing in order to maintain the extension of the partly 
flexed forearm. In cnan and the apes, where the forc-iimbp when used 
for progression (as in cUmbing) is a teasiom rather than a compression- 
member, the strong extensors of the quadrupeds are replaced by power¬ 
ful flexors of the foieartn, in particular, the biceps and hrachialis muscles. 
Thus the long olecranon process is unnecessary. The relative weakne^ 
of the power of exEension of the arm in man b shown by the fact that it 
b regarded as sorrvethmg of a feat of strength to raise the body more chan 
a few times in succession by extension of the arms alone in the 'cm-die- 
hands-down' po^itian bdoved by P*T. mstntetorsE The distal end of 
the ulna forms a sub-cylindrical rounded head, with a mcdtaJly-situated 
styUrJ pr^tss. 

The radius lies alongside the ukia, laterally to it, and articulates with 
It at a shaliow radial notch, 'fhe head of the radius is almost qrlindrical 
with a slightly depressed drojlat terminal facet for ardculation with the 
capitulum of the humerus. In the Primates this small facet ts the sole 
point of contact of the radius with the humerus. Ln most quadrupeds 
the radius hjis a considerable area of contact with the trochlea of the 
humerus also. 

At a short distance distal] y from its head, rhe ladius bears a medially 
prominent radia/ tubcrvsitf, at which is inserted the tendon of the biceps 
musde. This flexor, in contrafit with the triceps extensor, has a leverage 
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of between and 3 indies ffom xhc centre of the trochlea, a vtiry con- 
sidecablc mechanical ads^aneage^ From the radial tuberositj^j distally, 
the shaft of the radius h bowed laterally and widens towards its distal 
epiphysis. The distal articular surface of the radios forma a neatly 
rectan^lar hollow and ardculates with the greater part of the carpus. 
A medial affords anicoJation to the head (distal estremit}') of 

the ulna. 

of proftaiion aird sfipiftafiOft. A free movement between ulna 
^snd radius is necessary to the arboreal and raonipulative hand and is 
W'orth some detailed consideration. 

While the ulna forms the chief part of the clbow-]oint, it is the radius 
w hich carries the grratet part of the hand. Now the radius is free at ii$ 
pfoximaj end to rotate about its own axis at the radia] notch of the ulna, 
which is feed by its trochlear notch in a onC'phne hinge-joint with the 
humerus. In rotating, the distal end of the radius describes an arc about 
the axis of the head of the ulna. Thu% with the forearm homontal, 
when the head of the radius makes half a turn medially, its shaft erosBcs 
over that of the ulna to bring the distal end of the radius to the m edial 
side of the head of the ulna, thus turning die hand palm downwards 
The reverse movcmcnr, returning the ehafe of the radius to 
lie paraJId wutb and laterally to the ulna, is termed Jiipfnji/ioa (paJm 
up’ft'ards). 

Without this freedom—superfluous in a tjuadniped fore-limb devoted 
solely to terrestrial progression—many manipulative movements (c.g. 

c use of a screwdriver) would be practical I y impossible. In an ape* 
w real agility^ iDvolvIng grasping branches at all angles, would also 
be severely restricted wjtliDUt it 

Nfao, though doubtless of arboreal ancestry, has long forsaken the 
trees, as a normal liabitar, for the ground, becoming sornewbat adapted, 
^ regards the lower extremities (see p. *73) to tetresuitl progression. 
He has, however, retained the upright posniie and free hand. It is to be 
expected, therefore, that there would be notable difFcrcnces in the devd- 
opment of the fore limb as between man and the apes. This is, in fact* 
c case* Our cousinsi the apes, which have remained arboreal In habit, 
and es^dally those, like the gibbons, wluch progress chieBy by brach- 
lattcm (swinging by the arms)* have enormously siroog, elongated fore- 
limbs ^d legs very short in comparison with those of man* Since the 
power behind tile movem^ts of pronation and supinadon depends, to 
some ottent. on the distance separating the shafts of the ulna and radius, 
ese ncs are more bowed, as well as being relatively longer and 
stronger^ m apes than in man, 

CARNIVORA. T^c flcsh-eaters axe, on the whole, quadrupeds of more 
specialized habit than the foregoing Ordeal. Only two in our list 
(bear and badger), arc plantigrade and auinewhat more eeaciaHised than 
e rest, t is to be cspccted, therefore, that the independence and free¬ 
dom of movement of die forc-Jimbs should be to some eitcnt resmacd 
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in comparison with those of the more adaptable primateSp. dimhers 
and borrowers* The Pinnipedia (the sub-Order including stab, walrus, 
etc* 4^g} } represent an extreme degree of spcdillzatiDii^ with thdr 
paddlC’Shapcd flippers and the very short limbs of which these form die 
cxtccmitics, but most camivotes are more adaptable. 

The humerus is generally less shortened and stout than in more 
spedaiked terrestrial quadrupeds, such as the ungulates ^ The head of 
the humerus is less hemlsphedcad titan in the Primates and the Cubeiosi^ 
era project well above its amoilar surface* The shaft is strongly curved 
anteriorly and has a prominent deltoid ridge. The Felidae (cats) (Fig* 
43h) and most of the Mustclidac (marten family) have an entepkondylar 
foramen, but this is absent in the Ursidac (bears) (Fig* 4of), Canidse 
(dogs) and Hyaeaiidac (hyaenas). A large supra-tiodilear pefforation 
occurs in the Canidae. 

The still entirely separate ulna and radius tend to be somewhat longer 
in proponion than in the more primitive inaecri^^Dres, rcxlems and 
primates. Though independent, the ulna and radius in most carnivores 
are rather closely fitted to one another and have, consequendy. Lost their 
mobility to a large exiem* Only in some climbers (e*g* cats) are any con¬ 
siderable movements of pronadon and supinadon possible. A cat turn$ 
up the pad of a forepaw in washing its face; a dc3g mnnot do this. There 
is, dierefore, no distinct capituiani of the humerus for the ardcubdon 
of tile head of the radius in most carnivores. 

The radius lies mote in from of die ulna, forming a brgec part of the 
elbow-joint than in man* The ulna has a loi^, tmmvcrsely-compressed 
olecranon process—a sure indication of quadruped status, for the 
mcchaxucat reasons referred ttJ above (p. 157)* The Jong olecranon in- 
creates the leverage of the extensor musdea and thus lightens their load. 

In dl carnivores the humerus is rebtlvely long in comparison with the 
ulna and radius, though proportions rebrive to the body as a whole 
vary very much. *rhu&, dogs and foxes have long fore-legs, badgers and 
the other Mustdidac short. In the seals (Fig* 40g) the fore-limb bones 
are exceedingly short and strong;, the humerus strongly curved, the 
ulna very scout proximally and ihe radius, convcrBcly* at its distal end* 

The ungulates (hoofed mammals), including the Orders Probosadca, 
Perissodactyb and Artiodactyb, are all somewhat spccialisxd quadru¬ 
peds^ in which the humerus tends to be short and stout and the forearm 
bones rdatively much longer than in the carnivores. This is, however, 
not the case in the Probosddea, a rcbtively primitive Order in respect of 
the development of the limbs, nor in the short-legged Suiformes, among 
the Arriodiictyb* 

The humerus is generally very straight and Sat on its medial ride^ 
without any marked medial cpicondyle such as is seen in man, for ex¬ 
ample* The trochlea tends to be wide and bictaJly displaced ndative to 
the line of the shaft. 
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The ulna varies very much in its teladve devdopment compared with 
the radius^ 

PHQBOScmEA. Elephant (EkpJkr) (Fig. 4ie), In this group the humerus 
is very long;, stnught and reladvely slender, in comparison with more 
specialized ttrresmal quadrupeds- It has a powcrfuUy-dcvelppcd supLn^ 
^cor ridge running down to the lateral epicondyle. The head of the bone 
is large and prominent, without any well-defined necl^ and the greater 
tuberosity scacedy overtops Jt. As viewed from behind, the olecranon 
fossa is seen to be long and narrow, with its gc^test length in line with 
the shaft. The ridges of the trochlea, in anterior view, arc very oblique 
to its transvcEBC axis. 

The nTnfl arid radius are quite separate, but fixed in ptonation- Tlie 
former hai not only the chief part In forming the elbow-joint but its 
dis t a l end is also larger than that of the radius, an unusual condition 
pecLdiar to this genus. For a quadruped, the olccmnon process is unusu¬ 
ally short and stout. This is possible in so large and heavy an animal only 
because the elbow-joint is fully ^tended when the beast is standing at 
rest, so that the upper-arm and forearm bones aft in the same straight 
lint, or even lock in slight over-extension. Tn this attitude the triceps 
tendon, inserted at the olecranon, is not under tension and requires less 
leverage at the olecranon than in most quadrupeds, where the dbow' is 
sDdiewhat flexed in the attitude of standing at rest. 

The humerus of the Upnor JE. anf/quus in the British Museum (Natural 
History} h 4 fcet ! inci long, compared with 3 feet 1 inch for the 
humerus of the largest Indian elephant in the same collection. The ulna 
measures 3 foct 9 Inches. The dimensions, alone, of such bones, afford a 
sui&dcnt identification f 

FEmssoDAcnTLA. (Fig. 4^b). The humerus is vety short and 

stout, with a much twisted appearance owing to the presence of a stroug 
supinator ridge crossing the posterior aspect of the shaft, obliquely 
distally and laterally. The lateral margin of die okcianon fossa follows 
the line of this ridge. The ruberositiea are very large, standing high 
above the articular head, and the greater overhanging the bicipiral 
groove. Thcce is a very prominent deltoid ridge of which the; crest is 
turned over posteriorly. 

The ulna is a separate bone with a urell-developcd distal epiphysis, 
but the massive ra^us ia closdy applied to it and occupies the whole 
width of the trochlea. The olccraiion is both long and strong. Both 
bones are very stout. 

Horse (Fig. 41B, b). The humerus is mudi more slender than 

that of the rhinoceros, as befits an animal of lighter build, but is marked¬ 
ly stout and rugged in comparison wi th that of an os of similar stature. 
The tuberosities arc Urge and high and the deltoid ridge marked, but 
the supinator ridge, though stout, is not unduly prominent. The trochka 
is thicker and its profile in distal aspect simpler and less sharply sculp 
tured than that of an ox. 
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The ulni shtm extreme fedurtion, tapering off to a poiot and being 
fiisctJ, even in youth, with the radius in mid-ahaft. Only a inere tootli- 
pick vestige persim distsJlf in exceptionally well-preserved specimens 
and even this is firmly aakyloscd with the radius. The olecranon is long 
and narrow uansversdy, but deep sagittaliy, markediy deeper than in 
the ox. The sole function of the ulna in a horse is to provide the poster¬ 
ior part of the olectacun notch and a strtmg lever for the attachment of 
the extensors of the foteamt. It is the radius which carries all the weight 
transmitted by the humerus to the manua. This Is a strong, leladvely 
short, heavy bone, its shaft rather O-shaped in mid-section, tlie con¬ 
vexity to the front. The distal end of tire radius, connecting with the 
whole of the remaining carpals. has a muld-faceted, rather 
eptphysis. easily distinguished from that of the ox, which has even more 
nu^rous arocular facets. In fossil and sub-fossil Specimens the proxi¬ 
mal remnant of the ulna is most usually detached from the radius by a 
bactuK just above the paint where Its thin, tapering shaft is fused with 
the radius, rhe^ separate ulna is then recogciizt:d and determined by 
the characteristic depth of the olectarmn process and the radius 

^ y the remnant of the ulnar shaft finnlv fused to the mid-point of 
its own, ' ^ 


This pi^rc of extreme specialisation in the horse and reduction of 
tone to the bare esmtials of a nnc-pkne kver is repeated in the liiad 
limb (p. 163 ff) and in both cxiremititaj (pp, 155, iy6). 

ARiionAcrTLA This group is, in general, distinguished ftotn the 
Pcnssf^ctyla by the hghtet build of the fore-limb bones, the less rugged 
musa^ ii^ressions and the much slighter development of the del¬ 
toid tidge, ulna, though much reduced in many species, is always 
presem for its entire length aorl is fused with the radius, if atalL only in 
aged individuals. ^ 

The suh-Ordet Sujfbnucs, including piga and hippopotami, are 
shoftcr-leggcd. of heavier build and Jess spedalixed in their limb-bones 


Pig (Jjar) (Fig, 41CJ. The humerus is short and rather stout, especially 
m dc^ticated 1^. !« head is small, the tuberoaides verv high and 
overhanging the bicipital groove. The deltoid ridge is fairly'prominent 
Md a well-marked supinator ridge runs nut to the lateral cpicondyJe. 

olecranon fbssa is short, oval above and the trochlea narrow, 
^’mg to the shortness of tlic shaft in the domesticated pigs, the 
umerus as t e appearance of possessing a ntaikcd S-twist, which 

disnngujjhes it at once from that of a ruminant (e.g. sheep) of com- 
parable si2c, v o r/ 

The ulna lai^us are scparaie, complete and equally developed, 
u itnmova y applied to each other. The ulna is short and stout with 
a wry Jong olecranon, dose to one-third the total length of the bone 
when It IS measm^ ro the coconoid process. The shortness accentuates 
e sharpness of the bend, hollow posteriorly, which it has in common 
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with och^ ui:^u]aK ulnae. Hie articular surface at the trochlear ooEch 
is very narrow ttamvcisciy. 

The radius shsurcs the bi^d of the ulna, since the shafts are parallel 
and in contact. It lies well in front of the ulna,^ proximaUy, extending 
across the whole of the rroehlca. The eaticety and absence of any re¬ 
duction of the olna distinguishes it tidily from that of any rutTunanr. 



FiO 4i, Left forc-Jimb bones nft (a) hlpponotamtis, and (b) rhinoceros. 
Left lateral TiewSi Both on same scale* 


The 'twisdn£:ss* of pig long bones, hard to describe exactly, but highly 
characteristic, is sh^d by the forearm bones. In wild pigs tlie limb 
bones ate longer and tnore slender^ $o that this feature is less accentuated. 

Hippopotamus fFig. 4aa), Owing to the large sbre of the animal and 
the shortness of the limbs, the humerus is very stout indeed for an aitio- 
dflctyl and could easily be misfaken for that of a rhinoccrofl, since it has 
also rather marked deltoid and supinator ridges. On close comparison* 
it is, however, fekdvdy more slender in the shaft, the tuberosities even 
more prominent and the trochlea is clearly more like a double-sheave 
puUcy-block than the single-sheave form of the trochlea in the rhino- 
octos* The deltoid ridge rises into a prominmee rather triangular, seen 
in sagittal profile, than square, as in 
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The ulna and fadius are exifaofdiimrily short and stouc^ bdxig 
rectjmgukr in ptofilE, ^yhile those of Khi^&cms ate langcr and elegantly 
waisted in mid-Khaft. Owing to its shortness^ the ulnar shaft has the 
sajue marked, posieriorly concave curve as that of the pig and a long, 
relailvdy slender olecranoQ^ w^hecCi m the process is short and 

very deep in a sagittal pkne. As in the pigs, the uhia and radius are fiiUy 
formed and quite separate in youth, though, because of their form and 
ciirvaturC;^ immovable in rebtion to one another. 

The sub^Qrdet Ruminantia (Fig. 41 d) includes animals (e>g^ cattle^ 
deer) often fjf considerable shse, but longcr 4 cgged and of lighter, more 
speedy build than the Suiforraes. 

The humerus je imTiriably short and often very stout, die ulna and 
radius^ in comparison, long. The latter takes over from the ulna the 
main weight-bearing function. The ulna has a long^ Strong ol*Vfanonj 
less d^p sagittaliy ^ tliat of the horse, for instancr-^ and forms rhe 
posterior part of the notch for the trochlea of the humerus. Its shaft, 
however, though present in its entire length, is generally reduced to a 
mere splint, ihin and bbde-Iikc tranSYctscly, This is closely applied to 
the shaft of the radius for tlul middle third of its length and is even 
ankylosed with it in some old individuals, as ia also the dist^i epiphysis 
with that of the ladiua. 

The radius is a strong, gently-curved bone of somewhat D-shaped 
ficerion, the convexity to the fronts It lies, at its ptoximal end, directly in 
front of the ulna, the epiphysis bearing on the whole width of the troch¬ 
lea of the humerus. The fore-limb being fixed in pronation, the distal 
end of the radius lies somewhat medial to that of the ulna, of which 
the epiphysis mecis only the lateral and posterior part of the carpus. 
The flattened ^stcrior surface of the radius has a roughened area 
hnmediat^y adjacent to the proximal epiphysis^ where it is closely 
fixed by UgamentE in front of the trochlear notch* Close to the lateral 
m^gin of the radial shaft and extending over about the mitldle third 
of its length is a long, narrow depressed 'scar^ widi a roughened surEice 
at whidi the shaft of the ulna is similarly attachedp or even occasiooaUy 
ankykwd in old individuals. The distal epiphysis is wide txansvcrscly 
and has a somewhat complicated articular surface which mcers the 
proxi^ row of incgularly shaped carpal bones. 

general description serves for all the genem of the sub-Order* 
Differences in the fotc-Iimb bones, even berw^een Faniillc:s, are confined 
to ptoportions and details of the articular surfaces* Thus, the more 
_orig-Hmbod and Ughtly-built deer (Cervidae) are usually distingiiishahle 
xom die cattle^ sheep, anidopcs, etc* by the relatively greater length and 
ity ot the bones, but ready distinctions between genera of the same 
A 'f tuore on the absolute dimensions than on morphological 
. There can be lictle confusion, in point of size, on the one hand, 
between red deer, fallow deer and toe, or between ox, muxk-ox and goat 
on ot er, but when it comes to deciding between elk and pant deer 
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OTiofig the Cemdae, or betweeu and bison or sheep and goat Id 
the Bovidae, the difiicultics are much greater and can cidy be lesoivedf 
if at all, by close study of the specimens and comparison with an ck- 
tensive material^ such as is only likely to be found in a national collection. 
This is, therefore, a matter for the specialist^ tiiough die variety of 
possihilkdes is not likely to be laigCn In fact, in any particular the 
choice can be cut down, generally, to a single pair of sJtcmatiTes. It may 
sofdy be taken that, in the present state of oux knowledge, even the 
specialists will not often hazard a determination between Bar and 
Brjvff or between Capr^ and Opts from the long bones only^ though some 
authors have published descriptions of features cMmed to bedistmetive. 


It 



The Fore-extremity (manus) 


As WITH THE TEETH, in many mammals of the more specialized Orders 
some of the basic bony units of the fore-extremity have degenerated 
or are altogether missing. These reductions are often very character¬ 
istic and are, therefore, of importance in classification. In order to 
appreciate them properly, it is first necessary to be acquainted with the 
full mammalian equipment. 

The bones of the manus fall into three divisions:— 

1. The carpus^ a group of up to 8 irregularly-shaped small bones, fo rming s 
within itself, a firm but slightly elastic link, proximally with the ulna 
and radius and distally with the metacarpus. 

2. T^e metacarpus^ a set of 5 long bones, which meet the carpus in joints 
having little latitude of movement, but which afford, at their distal ends, 
very mobile hinge-joints for the bases of the digits (fingers). 

5. phalanges^ the bones of the 5 digits, 3 to each, save the first digit, 
which has only 2. 


THE CARPUS. This has a full complement, in the mammals, of 8 bones. 
The nomenclature of the carpal bones is confusing to the beginner 
because, as so often in osteological terminology, the usual names are 
those first given to the bones of the human wrist and later transferred 
to their homologues in the manus of the lower mammal^ . The names 
^e, to some extent, descriptive of the form and development of the 
bones in man, so that they do not necessarily correspond at all closely 
to the shapes found in other mammals. 

For the archaeologist the carpal bones are generally of no great 
importance. Owing to their usually small size and irregular shape, they 
are frequendy but poorly preserved and may easily be overlooked by 
since, in the earth, they are not readily recognizable as bones, 
brief account of them is nevertheless included here, for the sake of 
completeness. Fig 43 shows this arrangment in some less specialized 
mammals. 

^ Flower (1876) lists the following names and synonyms for the carpal 


Radiale =Scaphoid 

Intermedium = Lunar 
Ulnare = Cuneiform 

Centrale = Central 


. prox. 
row 


=Nauicu/are 
=Semi/u»are, Lunatum 
^Triquetrum, Pyramidale 
=Intermedium (Cuvier) 


146 









147 


THE FORE-EXTREMITY (mANUS) 


Girpale i 
Carpalc 2 
Girpale 3 
Carpalc 4 ] 
Carpalc 5 J 


==Trape2ium 
=Trapezoid 
=Magnum 

=Unciform 


dist. 

row 


^Multangilum majus 
^Multangulum minus 
* =Capitatum 

—Hamatum, Uncinatum 


The first column contains the terms which arc most useful to the 
comparative zoologist, for they are applicable to amphibia, reptiles and 
birds as well as to the mammals. The second list is that most generally 
in use by British anatomists at the time of writing of Flower’s work. 
Gray^s ‘Anatomy’, however, in the 29th edition (1946), favours for man 
the use of an anglicized form of the Latin names in the third column, 
but prefers ‘scaphoid’ (boat-shaped) to ‘navicular’ (presumably because 
a bone of the tarsus—ankle—already bears that name) and ‘trapezium’ 
and ‘trapezoid’ to ‘multangulum majus’ and ‘multangulum minus* 
(presumably for the sake of brevity). The middle column at least has 
the sanctity of usage over many years. 

The basic arrangement of the 8 carpal bones in a generalized mammal 
is in two main transverse rows, with one bone occupying a central 
position among them. The above list presents them reading from the 
medial side of the dorsal (volar) aspect of the manus, the first row 
consisting of 5 bones, the central, and the distal row of 4 bones. To 
these must sometimes be added a radial and an ulnar sesamoid bone 
(ossification in a tendon—see p. 172) of which the latter is most often 
highly developed and has an individual name, the pisiform (pea-shaped). 
Carpals 4 and 5 in lower animals arc invariably fused in the mammals. 
THE METACARPUS. This is the most important division of the manus, 
for our purposes. In the less specialized Orders there are 5 metacarpal 
bones, numbered I to V from the radial side. These articulate proxim- 
ally with the distal row of carpals, of which the most lateral is occupied 
by two metacarpals, IV and V. A metacarpal or metatarsal (p. 171) may 
be recognized by its multi-faceted proxiinal articulation and its smooth 
hingc-like surface for the distal articulation of the digit. 

Each of the metacarpals articulates distally with a digit. The meta¬ 
carpals arc, technically, ‘long’ bones and, in some specialized quadru¬ 
peds they are long indeed and even as stout as the radius. Metacarpals 
arc commonly wider transversely and less deep sagittally than the 
corresponding metatarsals. 

THE PHALANGES. The digits of the manus are 5 in number in the more 
generalized mammals, though in the majority of species with which we 
are concerned some are reduced in importance or even absent altogether. 

the pollex^ corresponding with the thumb in man, never 
has more than 2 phalanges, but the rest, where not degenerate, have 
3 each. The phalanges are called ist, 2nd, and 3rd, or proximal^ inter- 
mediate and ungual (nail). The first articulates with the corresponding 
metacarpal, the last is often somewhat modified as the bony core of a 
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horny claw or hoof. The number of functional digits and their arrange¬ 
ment relative to the main axis of the fore-limb are important systematic 
features. 


Bones of the manus 
in different mammalian groups 

iNSEcnvoRA. There are usxially only 7 carpal bones. Scaphoid and lunar 
arc generally separate but arc fiiscd in the hedgehog (JEnnaceus). The 
central is missing in the shrews spp.) The manus is usually of 

moderate siae, with small, slightly curved conical ungual phalanges to 
carry the unspedalized claws (Fig. 40a, c). In the mole (Ta/pa) (Fig. 
40b), however, the manus is relatively enormous, being the main 
equipment of a spedalized digger. There arc present, in addition to all 
8 bones of the carpus, a large ulnar sesamoid and a still larger sickle- 
shaped radial sesamoid. The mctacarpals and phalanges are extremely 
short and stout, save for the ungual phalanges, which bear long curved 
claws. The digits arc almost of equal development, 

CHiROPTERA (Fig. 4oe). The manus of a bat is modified in an extra¬ 
ordinary manner to support an extensive wing-membrane. The proximal 
carpals may all be fused into one. The short pollex, only, is not con¬ 
cerned in supporting the wing and has a claw. All the other digits have 
phalanges extremely slender and elongated, forming stiffeners and 
‘ribs* for the umbrcUa-likc wing. 

RODENTU (Fig. 4od). The carpds arc generally 7 in number, as in most 
plantigrades, the scaphoid and lunar often being united. This is the case 
in beaver {(Zastor\ squirrel {Sdurus\ marmot {^Arctomys) and the true 
mice (iUw* spp). The hare (Lepus) and beaver have a central carpal, 
absent in most other genera. The beaver has also a particularly wcU- 
dcvelopcd radial sesamoid, which is often present, but not so strongly 
marked, in other rodents. All, for our purposes, have 5 digits. The 
mctacarpals arc short and the arm-bones long, showing a generalized 
evolutionary status. 

PR^ATES. Man (Fig. 43a) has 8 carpals, including a well-developed 
pisiform, but the os centrale is absent. The magnum is the largest of the 
carf>al bones, though, despite the name, in most other mammflls it is 
far from being the largest. In man, orang and chimpanzee the carpus 
atnculatcs only with the radius, the ulna forming the centre about 
which Ac manus rotates freely in Ac movements of pronation and 
supination. Metacarpal I (Aumb) is short and stout, and has greater 
nwdom of movement at its articulation wiA Ae carpus than Ac rest. 
This articulation is in a different plane from Aose of Ae oAer meta- 
carpals, Ac palmar surface of Ac bone facing across Ae palm. The oAer 
mctacarpals arc almost equally developed, longer and more slender 
Metacarpal I. Their distal heads are large, wiA an extensive, sub- 
sphencal articular surface. This confers great mobility on Ae fingers, 
which arc Aus enabled to adapt Aeir grip to irregular objects. 
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Among the Primates, only man can oppose his thumb to the tip of each 
finger or cross it over his palm to the ulnar side. 

In lower primates the manus is longer and narrower than in man, 
less freely mobile and the thumb less well developed—^in some, indeed 
only rudimentary. * 

The Primates alone have true finger-nails and even among the lower 
members of the Order (e.g. marmoset {Hapaie) ) claws are developed. 
CARNn^ORA (Fig. 43b, c). In the carpus the scaphoid and l unar are fused 
into a single bone, the scapho-lunar, which also includes the centtale. 
A ^ge pisiform is present and generally a small radial sesamoid also. 

The metacarpal equipment is usually complete, but in Hyaena m/c I is 
nussmg and is very degenerate in the Canidae. In the Ursidae, however, 
as might be expected from their lack of specialization in other ways, the 
poDex IS about equally developed with the other digits. Its metacarpal 
is amculated in the same plane as the rest, so that the poUex is not more 
mobile than the other digits or opposable to them, as in man 

n the Pi^^dia (seals etc.) (Fig. 4og) the manus forms a flipper and 
the pollex is the longest of the j well-developed digits. 

The phalanges of carnivores are more ‘waisted’ than those of man, the 
proan^ articular facet more deeply hollowed and the distal with a more 
mar e me an ridge. The ungui phalanges, carrying strong claws, 
have a thm lanuna of bone reflected anteriorly over the base of the 
homy claw, which thus grows out of a sort of sheath. The cats (Felidae) 

ave e claws which are withdrawn by over-extension of the 

ungxial phalanx. 

PROBOsrmFA rc:^ .. j\ . . . 



the fore-extremity (manus) IJI I r6 

Some few of the more primitive, heavily built and shorter limbed, rely 
on a thick skin for passive defence and are, further, provided with 
formidable defensive weapons, nasal horns or canine tusks, if more 
active resistance should be necessary. They are, without exception, 
unguligrade, the terminal phalanges of both manus and pes being 
encased in homy hooves. The poUex (digit I) is missing in aU and most 
show further reductions in the number of toes. There is no os centrale 
and the scaphoid and lunar are always separate. 

Two of evolution have been pursued, distinct from the Eocme 
on, by two groups of ungulates, placed, in Simpson’s class^cation 
(Appendix B) in the super-orders Mesaxonia and Paraxonia. ^e 
former have the axis of the manus and pes passing through the mddle 
digit (HI) of the primitive 5 (Fig. 44a, b) and in the latter the axis falk 
between the two equally-developed digits HI and IV (Fig. 44c, d, c). 

The further reduction or losses of digits, which have occurred m the 
two groups in the course of evolution, have taken place more or less 
symmetrically about these two different axes. 

PERissODACTYLA. Symmetry of the manus about a central axis requires m 
0^ number of digits, i, 3 or 5. Since no true ungulate has a poUex, the 
functional toes in this group arc, therefore 5 or i m num^t. It is 
necessary to add the word ‘functional’ because one member of the group, 
the tapir, though formally perissodactyl in the symmetry of the manus, 
does possess a somewhat degenerate fourth digit (V) which, however, 
docs not reach the ground in walking. The groups of concern to the 
European prehistorian comprise only the rhinoceroses (Rhinocero- 
tidae) and horses (Equidae). 

Rhinocerotidae (Fig. 44a). In the carpus, scaphoid and li^r arucu- 
late with the ra^us, the cuneiform with the ulna. The distal tow is 
also nearly symmetrical about the magnum, the trapezium (for ^ 
missing m/c I) being a mere vestige. There is a very small pis orm. 
the 5 mctacarpals, HI, based on the magnum, is the largest and longest, 

II and IV being less developed and about equal in size. All three bonw 
are of moderate length and extremely stout. A minute vestige o m/c 

articulates laterally with the uncinate. 

The phalanges of all three digits are very short and wide, hal^ 
wide again as they are long, but flattened in their palmar planes. The 
unguals form vertically compressed hoof-cores, which, unlike ose o 
the elephant, are somewhat detached from the manus as a whole. 

Equidae. Three-toed horse (Hipporiori). This extinct genus just survives 
into human times and is of interest, furthermore, for comparison 

with the living horses. r j • J 

The third metacarpal bears the main digit with its hoof and ^icd 
the whole weight of the animal on hard ground. The somewhat deg^- 
erate m/c’s H and IV he closely alongside it, rather to its palmar side. 

These bore distally small but complete, transversely compressed, ^gits 
with well-formed asymmetrical hoof-cores, which, however, not 
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normally reach the ground. (Sec illustration of the pes, Fig. 5od.) They 
were, perhaps, of use to the animal, like the short digits of the pigs 
(p, 154), when moving over soft or boggy ground, helping to distribute 
the weight and preventing the main, rather narrow, hoof from sinking 
too deeply. 

Horse (Equus) (including asses, onager, zebras) (Fig. 44b). The genus 
represents the utmost extremity in reduction of the fore-limb and manus. 
The radius carries the entire carpus. As in the rhinoceros, the scaphoid 
and lunar are the main bones of the proximal row of carpals, the cunei¬ 
form being small. In the distal row, the much shortened but very wide 
magnum articulates with them, flanked by a small trapezoid and un¬ 
cinate. The trapezium has disappeared altogether. 

Metacarpal III (‘cannon-bone’) is a strong but much elongated and 
gracefully proportioned bone. Qose beside and behind it lie a pair of 
‘splint-bones’, the degenerate m/c’s 11 and IV, which taper off to a 
point near the middle of the length of m/c HI. The former articulates 
proximally with the trapezoid, the latter with the uncinate, but their 
distal epiphyses and the corresponding digits are wanting and there is 
no obvious surface indication of their presence. 

The distal articulation of the cannon-bone is a strict hinge-joint, 
with a median ridge which allows no side-play at all to the digit. This 
is clearly necessary in the sole support of the limb. The proximal 
phalanx is fairly long, wide and somewhat flattened on its palmar 
surface. The intermediate phalanx is very short, wide and compressed 
and articulates distally with a wide, strong ungual phalanx, forming 
the core of the typical equine hoof. There is a very short, wide trans¬ 
versely, almost rod-like, sesamoid behind the joint between the second 
and the imgual phalanx. 

The manus of the horses is thus extremely simplified and much elon¬ 
gated, the conjoined humerus and radius standing in a ratio to it of 
only about 5:2 in length. The very long lever thus provided is a special 
adaptation for speed, the only resort of a genus menaced, in its natural 
surroundings, by numerous carnivorous enemies, with man, in pre¬ 
historic times, not the least predatory of them. 
artiodactyla (Fig. 44c, d, e). This is the even-toed (2 or 4 digits) 
Order of ungulates. The axis of symmetry of the manus lies between 
the strong digits III and IV, and digits H and V, if present, are less 
strongly developed. In the more highly specialized ruminants these 
arc only vestigial. 

The carpus consists of the same equipment of ossicles as that of the 
Perissodactyla, but a medial displacement of the distal row makes each 
distal member alternate more clearly with the proximal and articulate 
over some area with two of them. 

Sub-Order Suiformes. Hippopotamus and pig (Sus) (Fig. 44c). In the 
former, a trapezium is still present in the carpus. It is absent in the 
latter. All 4 metacarpals are present and separate, 11 and V oiJy slightly 
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less strong than HI and IV in the hippopotamus, markedly reduced in 
the pig, especially at the proximal articulations, where they are dis- 
placed, with the corresponding carpals, to lie somewhat behind the 
main pair. 

phalanges of the main digits are short and stout, only slightly 
‘waisted’ and somewhat asymmetrical. This is especially true of the 
ungual phalanges, which form distinctly left and right halves of the 
small cloven hoof in the pig. In the hippo, the unguals ate more nail¬ 
like and less asymmetrical. 

The second and fifth digits in the pig are short, slight and the pha- 
langes clearly degenerate. The unguals are simple, sub-conical ossicles. 
Functionally, these surviving toes are of use to the pig, acting in the 
same way as the sprag of a punt-pole, preventing the limb sinking too 
deeply into soft ground. 


Sub-Order Ruminantia. Cervidae, Bovidae (Fig. 446 and d, respec- 
ti\ely). In most of the members of these families the lateral digits are 
very degenerate. In the deer there remain two s mall splint-like vestiges 
of m/c s n and V, still articulated with the carpus, of which the shafts 
have almost atrophied. Distally, the phalanges of the corresponding 
digits are complete, but do not reach the ground and have no bony con¬ 
nection with any other part of the manus. In the cattle these last distal 
vestiges have disappeared and all that remains of the lateral digits is a 
^ of sn^, short nodules representing the and and 5 th metacatpals. 
The ^ctional metacarpus consists of a ‘cannon-bone’, clearly double- 
barrelled, formed by the almost complete fusion of the two main, much 
elonpted, metacatpals HI and IV. A more or less deep furrow, ftont 
and back, shows the line of fusion. In section, the marrow-cavities of 
the^o bones are often still at least partly separated by a thin septum 
of bone. The distal articulations are always separate, each boldly 
sculptured and with a median ridge, making a pulley-like arricidar 
surface for the proximal phalanx. This phalanx is fairly long, but, in 
the larger ruminants, very thick and strong also. The second phalanx 
IS always much shorter, though almost as thick. The terminal (ungual) 
p orm an almost perfectly symmetrical pair, each the mirror- 

i^ge of the other, flattened axiaUy, to form the halves of the cloven 
tf°t> ^ proportion than in the pig), which is characteristic of 
the Ruminant sub-Order. The proportions and details of the mete- 
car^ caimon-bones enable some lower groups within the sub-Order 
to be easily distinguished* 

^m^*!t** ■"^‘acaipals of the deer ate distinguished, in general, 

KntIH sheep, etc. by their great length and slight 

build. Even those of the rather more heavily-built elk (AJees) are com¬ 
parative y s en er for their siae. All deer cannon-bones ate more or 
less cha^lled along the proximal part of their length on the palmar 
surface. This is not so pronounced in the metacarpals as in the meta¬ 
tarsals (p. 175)). ^ 
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Once recognized as cervine, some species can directly be eliminated 
from the identification in a particular case, on the ground of size alone. 

From the examples figured by Hue (1907), some overall lengths of 
the metacarpal cannon-bone for the different spedes likely to occur in 
European contexts arc as foUows:— 


Elk {Alces) . 

Red deer {Cervus elapbus) . 
Reindeer {Kanfffer) .. 
Fallow deer {Dama) 

Roe deer {Capreolus) 


322 mm. 
300 mm. 
183 mm. 
167 mm. 
162 mm. 


Among these, the only pair likely to be confused arc the last two, 
when the more slender proportions of the very lighdy built roc should 
enable it to be distinguished. Refer, nevertheless, to the limitations of 
such figures, noted below. 

Bovidac. This family is shorter-legged and more heavily built. The 
metacarpal cannon-bone never has the posterior longitudinal channel 
noted in the deer and is altogether more stocky in proportions. This 
feature of wdght and thickness is most strongly shown in the meta- 
carpals of male bison, which tend to be very heavy in the fore-quarters 
and may have large horns. Despite the elongation of the cannon-bone 
common to the whole family, the breadth and strength of this bone in 
the bison is very striking. Absolute measurements, taken from Hue s 
illustrations, are as follows:— 


Domestic ox {Bos taurus) 
American bison (Bison bison) 
Musk-ox (pvibos) 

Domestic sheep ((his aries) .. 
Mouflon (Owj musimon) 
Domestic goat (Capra bircus) 
Ibex (Capra ibex) 

Saiga antelope (Saiga tartaried) 
Chamois (^picapra) 


260 mm. 
198 mm. 
i 86 mm. 
146 mm. 
142 mm. 
130 mm. 
126 mm. 
152 mm. 
135 mm. 


For completeness the following have been measured from actual bones: 


Urochs (Bos primigenius) (?) ^7^ 

Celtic ox (^Bos longfrons*) —189 (range of several) 

Such measurements are only offered as a rough guide to the absolute 
dimensions of the different species. They must not be taken to repre¬ 
sent averages, since they arc taken from individuals which may have 
been selected for illustration for some other character than as repre¬ 
senting average dimensions. There arc, of course, often wide vamtions 
in size also between the sexes and between comparable individuals 
of different geographical races. With domestication, the range of such 
variations is naturally gready increased, through man s conscious or 
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unconscious selection of breeders from stock which best met his needs 

Even the larg« >^d Bovidac (e.g.. Bison priscus and Bos prirnmniuk 
^ot certainly be distinguished by eye from the cannon-bones alone 
A good guess may be made with practice in the more extreme cases 
how<wer. A r^t study by Howard* is designed to effect a certaiil 
identocauon by exact me«urcments of entire specimens and the de- 
nvation from them of indices which may be characteristic of the two 
speaes. SuA operations fall outside the field of the archaeological 
student of bones and should be left to specialists. 

In feet, noting can, as yet, replace a large recent and fossil com¬ 
parative material m these difficult cases. Only a few works of fitirlv 
restarted scope luve yet touched the large field of the metrical and 
statistical study of animal (as opposed to human) bones. There is here 
almost unlimited scope for further research. 

The phalanges of the manus. like the cannon-bones, are extremely 
diffic^t to mteyret, wititin the ruminant group, save on the basis of 
s^. It IS even hard to distinguish phalanges of the pes from those of 
the m^us and to assign them to the correct side of the body and of the 
hmb itseffi In view of the expertise required and the need for an 
adequate b^y of comp^tive material from all the possible species, no 
attempt will be itade here to ofier distinctive criteria. No difficulty 
will be experienced m differentiating between (say) Bos and Cervus, but 
to detente Bison m the presence of a Bos of comparable size is a task 
before which most specialists would confess themselves at a loss. 


* Howard, M. Maitland, in the press. 
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The Hind-limb 


Like the fore-limb, this (Fig. 45) consists of two segments: the 
thigh, represented by the femur^ and the leg, comprising two bones, the 
^hta and the fibula. To these must be added a large sesamoid bone 
(p. 172), the patella or knee-cap. 

Tife femur is generally the largest long bone in the body. Its shaft is 
more or less cylindrical in section and somewhat curved longitudinally 
in a sagittal plane, with the convexity to the front. The femur has a 
bead of roughly hemispherical form, which articulates in a ball-and- 
socket joint with the os innominatum at the acetabulum. The head is 
set on a neckj which is longer and more distinct than the neck of the 
humerus. The axis of the head and neck makes an angle, more or less 
obtuse according to species, with that of the shaft. The head of the 
femur generally shows a pit in the centre of its articular surface for the 
attachment of a round ligament, by which, in life, it is fastened to the 
floor of the acetabulum. 

At the base of the neck and laterally to it stands a large process for 
the attachment of muscles, the ff^eat trochanter. In many speaes this 
stands higher than the summit of the head. At the base of the great 
trochanter, medially and posteriorly, is a deep oval pit, the difftalfossa. 
To the medial side of the shaft, below the neck and somewhat posterior 
to it, is another prominence, the lesser trochanter^ joined to the greater 
by an oblique trochanteric crest^ which forms the posterior margin of the 
digital fossa. 

In some species there is, in addition, a third trochanter (Fig. 47 ^)* 
This forms a salient ridge produced into a thin outstanding plate, a 
little distal to the great trochanter, on the lateral side of the femoral 
shaft. The edge of this plate is generally turned over anteriorly. Its 
presence and development is a feature of systematic importance. 

The shaft of the femur thickens towards the distal epiphysis, whiA 
presents two prominent, knuckle-shaped articular surfaces, the medial 
and lateral femoral cond^les^ separated behind by a deep intercondylar 
notch or fossa. Anteriorly, the articular surfaces of the condyles meet in a 
smooth, wide articular surface, somewhat concave transversely, often 
more or less elongated in the axis of the bone, the patellar area or 
femoral trochka. This is short in man, very much more elongated and 
extensive in most quadrupeds. 

"The tibia is the shin-bone, the principal bone of the leg, articulating 
with the femur at the knee-joint. The wide proximal articular surface 

*57 
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consists of a pair of somewhat oval, concave condylar facets to receive 
the condyles of the femur, separated by a roughened inter-condylar area^ 
at which are attached, in the fresh specimen, the cruciate ligament, 
which play a large part in maintaining the apposition of the bones while 
permitting free movement in one plane. The edges of the condylar 
facets, bordering this area, are raised into more or less prominent 
crests, which fit into the inter-condylar fossa of the femur. In front 
of the articular areas, and somewhat below them, the shaft of the bone 
bears a prominent tubercle.^ produced distally into a rather sharp-edged 
ridge, the anterior border of the shaft. The tubercle affords attachment 
for the patellar ligament, transmitting to the tibia, across the front of 
the knee-joint, the pull of the extensor muscles of the leg, which 
occupy the front of the thigh. 

The shaft of the tibia is triangular in section, at least in its upper 
third, in consequence of the sharp anterior border and the flatness of 
its posterior surface. The anterior border runs somewhat medially 
from the base of the tubercle. The shaft tapers distally and then widens 
again to form the rather square articulation for the proximal bone of 
the tarsus, the astragalus. A process of the tibia, the medial malleolus^ 
extending distally beyond the articulation, guards the medial side of 
the ankle-joint by articulating with the side of the astragalus. 

^be fibula is a slender bone, lying laterally to the tibia, of which the 
expanded proximal end articulates with the side of the tibia just below 
the edge of the platform presented by the lateral condylar facet of tlie 
tibia. The fibula, unlike the radius, thus has no contact with the proxi¬ 
mal segment of the limb and forms no part of the knee-joint. Distally, 
its other expanded end articulates both with the lateral side of the 
tibia at the ankle and, beyond the articulation of the tibia, with the 
lateral side of the astragalus, forming a lateral malleoltis. The two malleoli 
thus embrace the ankle-joint on both sides and prevent displacement 
of the astragalus. 

The fibula has no freedom of movement in relation to the tibia, so 
that in no mamma l is any rotation of the pes possible, in the way that 
is provided for the manus in the construction of the fore-limb. The 
fibula is obviously a somewhat degenerate bone, even in the more 
generalized mammals, where it is fairly well developed. In many 
species it is more or less fused wdth the tibia, both proximally and 
distally, and is reduced to a mere vestige in the most specialized ter¬ 
restrial quadrupeds. 

The patella (kneecap) (Fig. 51) is the largest sesamoid bone in the 
body. Were it not for the patella, when the leg is flexed on the thigh 
at the knee-joint not only would the extensor-tendon bear with some 
friction on the front of the femur but the important ligaments which 
'^^^aintain the joint would be exposed anteriorly to damage. The du^ 
function of the patella is thus to reduce friction and to protect the 
bnee from the front. 
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The patella is a local ossification developed in the thickness of the 

extensor tendon. On the front of the thigh, the powerful extensor 

muscles converge to a thick common tendon which passes over the 

^nt of the knee and is inserted, beyond it, at the tubercle of the tibia. 

T^s tendon, bemg itself mextensible, has no motion relative to the 

tibw m *e movement of flexion at the knee, but where it crosses the 

end of the femur the patella is formed in its thickness and bears on the 

;^de t^vcrsdy-concave facet, there developed for its reception. 

The tendon itself is thus held off and prevented from rubbing on the 

raur both when the extensors relax in flexion and when they pull in 

extenc^g the leg. The patella is somewhat convex anteriorly and its 

smwth, tramversely-convex articular surface fits, Uke a V-belt over a 

pulley, on the patell^ area of the femur. The bone is very rough both 

proxn^y ^d distally, where the extensor tendon and its distal con- 

touation, the patellar ligament, are, respectively, attached. In man 

^ig. 57a, b), the patella is of a thickish lentoid form, whence comes its 

n -T' ^heel). In most quadrupeds (Fig. 

^ “ inverted pear, mu^ thicker 

above and tapering below. uui.ii.ci; 

Particular features of the 
hlnd-limb bones in difttent mammaUsn groups 

^vo..^ (Fig ebb. c). -tbe femur has a rudiment of a third trtv 

short list In all the fibula is fused with the tibia in mid-shaft. 

PTERA. e hind limb is relatively unimportant in the bats 
tina^ 3 “weil tl” and fibula even more so. dis- 

MstithTll'S 'idg-membtane and as 

itself .hen at mst. 

oenerallv h. ** inconstant in form and development, but 

A » third trihanter im- 

Z, . Sit^ ?' TT’'’' thitd trochanter 

(hS^ f the greater. Some rodents, Ae 

TT^t b' ‘“’t to tigtt of a Aitd trochanter. 

levelTtL very large and stands „eU above the 

he^/r fibula are cquaUy variable, separate in the porcupine 

marmot; the distal part of the fibula fused with the tibia’ 

long Bone in the body. For its length itls^veiw slMd”^ *”** strongest 
wiA Aose of ,u.d„^ st^^hnXlSS 
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Fig 46. Left hind-limb bones of: (a) bear, (b) shrew, (c) hedgehog. (d)b«yer 
(jdl plantigrades), (c) cat (digitigradc), (f) seal, in which the hind 
limbs only function as a rudder. 


is somewhat bowed sagittally, with the convexity to the front. The 
articular surface of the head is rather more than hemispherical and it is 
on a long, well-defined neck, forming an angle of about 120 with 
^ shaft—rather more than in most quadrupeds. The greater trodi^tcr 
is stout, but not prominent, either laterally or in height, for it is far 
surpassed by the head. The lesser trochanter forms a rounded knob at 
^ posterior part of the base of the neck and is connected with the ba^ 
of the greater by a marked trochanteric crest. There is no third troch- 
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anter, but only a linear roughened area anterior to and below the 
great trochanter, for the ingertion of the tendon of the glutens ma-rimnc 
muide. The posterior surface of the shaft is marked by a long, devated 
roughened line, the iinta osptra^ at which the fan-shaped great adductor 
muscle of the thigh is inserted. Owing to the globular head and long 
neck, the femur has more latitude of move merit in man ihan in't^uad'* 
rupeds. In particular, the thigh may be considerably chdacted (legs 
straddled). The contrary movement of addialim ( bring ing the thighs 
logedief, as in grif^ing the saddle on horseback) requires the develop¬ 
ment of strong muscles and prominent attadiments for them—whence 
the characteristic linca aspeia in man and other Pdmate dimbers. The 
condyles arc large and the inter-condylar notch wide. The patellar 
area is wide, shon and not prominent. The medial epicondvle is more 
strongly developed than the kteral. 

The human tibia, like the other limb-bones, Js Jong (but not as long 
as the feanur), slender and straight. The arttcuJar areas for the femoral 
Mndyles arc oval and flat, the inter-condylar crest not protninent. 
The shAtc ]£ rmrkcfll]r tria^jgulit in secdociy txot onJy prosimallyp but 
for the greater part of its length. The tubeidc is stout, but not unduly 
prominent. The shaft widens to the shallow', square distal ardculntion 
for the astragalus and has a well-marked malleolus articulating with the 
side of duit bone. 

The fibida is distinct and entire, very long and slender and weU 
separated from the shaft of the tibia. Its pcoximal end is somewhat 
dubbed, articulating with the tibia literaUy and below the level of the 
lateral condylar ftcer. Its distal end is of a catber thick, rounded spatubr 
shape, forming the lateral malleolus for the anicle-joini. The shaft of 
the fibula is sulxitcular in section towards the ends, but quadrilateral 
towards its middle, owing to the development of some sharp edges and 
borders for tlie attachment of muscles. 


The patelb i, of a wide, rather Icniieular, form, thinner and wider 
than in quadiupeds, with very rough surfaces proximally and distalJy 
for the attachment of the musde-tendon and the patdlar liramem, 
respectively. ^ 

The thigh and leg bones of the other Primates seatccly concern os. 
They are, on the whole, stontcr ia proportion and less straight than in 
man, the apes and monkeys being dimbers and not waikets. la other 
«pem ^yare yy Uke the human bones. The femur and tibia of 
Neanderthal nm (Ht>m were of heavier build and more 

strongly curved th^ those of modem man, diatinctivelv human, yet 
in these features latber more ape-like than in living races of man 
In the femur (Fig, 46a, c> approaches the 

form, being ^aovdy long sle^r and straight in the digirigrades 
{amdae. Felidae, H>-a^dae). «hot^ and stouter ia the plSitigtadcs 
(Ursidae, Mustekdae). The great troehanwr is seldom hiehei thin the 
hmd, save in some cats (FeUdae). There is no real third trochanter 
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though die beam have a fomewhai promiceat ridge kteiaJly, below the 
grc2t troebantet. 

iTic tibia and fibula are disdDct, the kiter slender but geucrdly well 
separated, save in die dogs (Canidac), which have the lower half of the 
fibula lyinjj doaely alongside the tibia. The tubercle of the tibia in all 
these quadrupetis is very largCi as i$ the anterior border ru tilling down 
from Its base. 

In the seals (Pinnipedia) (Fig. 46f) tlie femur is very short and thlckj 
with scarcely any neck» Tibia and fibula am of almost equal develop¬ 
ment and gcncially fu&ed togediec proximally* 

Ff^OBOsemEA (Fig. 47e)p The femur is very lung in proportion to the 
rest of the limb in tlie elephants. The bone is straight^ with a hemi¬ 
spherical head on a well-marked ncct. The head lacks a round liga¬ 
ment, so there is no fossa in the middle of its articular surface. The 
medial cpicondylc forim a promioent shoulder above the distal epi¬ 
physis. The tibk is very stout and, in comparison, short, the fibula 
slender and diarinct^ but not widely separated from it. Mc^urentents 
of two individuals belonging to extinct species are as follows 

Femur Tibia 

Eif/iwr (Upnor) 5' 41 ' 5 ' 

£-(Adams, Leningrad) j' lol' T 4" 

FERissoDACTTiA. RhinoccTOtidae (Fig. 46 b). The femur is eitcccdingly 
shore and stout, with a short, powerfully developed groLter trochanter, 
a lesser trochanter reduced to a rough ridge and a Urge third troch¬ 
anter, laterally in mid-shaft. The head is large and its neck thick and 
indisrinct* Both cpkondyles are fairly prominent. There is a deep, 
roughened fossa on the posterior surface of the shaft, above the lateral 
condyle. The condyles are large and ihc intcr-coadylar notch very deep. 
The medial border of the patdlar area is very prominent indeed. 

The tibia and fibula are short and heavy, even the latter being re¬ 
latively massive and broad distaUy. 

HquJd^. In the horses (Fig. 47a, b), the femur is very strong, short 
in relation to the limb as a whole and with marked muscular impres- 
sionsp The head i$ low and broad, without a distinct neck, but the 
greater trochamer is enormousi far overtopping the head- As if this 
were nor enough, it has a secondary prominence laterally, arising 
from its base. The lesser trochanter consists of a low, rough ridge 
along the medial side of the bone, below the head* A fairly prominent 
third trochanter is present* not so enormously developed as in the 
Khinocerotidae bur nevertheless very strong- This, alone, distinguishes 
the equine femur from those of ruminants of comparable size and 
build. There i^ a long, narrow, shallow fossa, the lAtcral stipra-cojidy- 
lar fossa, the fiooi of wliich is roughened* on the posterior aspect of 
tile shafi^ above the latend condyle. 

The borders of the patellar area arc very high and roimdedi The 
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Fig 47- l^d-limb bones in ungulates. Left lateral view save fb) 
pTOtenor. (a),^^) horse, note the third trochanter (c) oie fdl ox 
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whole bone has a very stout and rugged appearance, which is dis¬ 
tinctive in comparison with the femora of ruminants. 

The tibia is also a very strong, heavy bone, "nie two condylar facets 
of its proximal end arc extensive and, in sagittal view, slope ra^er 
steeply up to form a very prominent median crest, the sumnut of which 
is divided into two by the rough inter-condylar area. This distinguishes 
an equine from a ruminant tibia, in which the slope and the crest are 
not so marked. The tibia has the characteristic triangular section alwve, 
with a prominent anterior crest descending somewhat mediaUy om 
the tubercle, and a transversely flattened posterior surface. Four or 
more rather rough raised lines cross this surface from above downwards, 
somewhat diagonally in a medial direction. Their prominence is 
marked in the horses than in the ruminants. In posterior view^e shaft 
is very straight and tapers litde towards its distal end. The dis^ 
articular surface for the astragalus consists of a pair of deep par^ 
grooves, set at approximately 45® antero-medially aCTOss the s^i 
axis of the tibia, as fixed by the anterior crest. This is in marked dis¬ 
tinction from the same articulation of the ruminant tibia, where the 
direction of the corresponding (much shallower) grooves is approxi¬ 
mately sagittal The difference is shown in the diaractenstic sagitt^ 
attitude of the pcs in the horses, as compared with the splay- 
posidon of the ruminants, whereby the heels ( hocks^ ^ 

closer together when standing than the hinder hooves. A horse w 
habitually shows any trace of the latter attitude is said to cow- 
hocked*—a term of opprobrium among the eq^e fancy 1 The ubia 
of an ass {Equus asinus) is, in proportion to its size, mote s en ^ ^ 
its shaft more tapering distally than that of a horse (B. cabal ). e 
shaft is also somewhat bowed, with the convexity m a me 

direction, . r 

The fibula in horses is much reduced. ProximaUy it co^ists of a 
^splint* with a rounded head, of which the shaft tapers to a sharp pom 
near the middle of the length of the tibia. Distally it is represente J 
the lateral malleolus, protecting the ankle-joint, which is y anky 
loscd with the distal epiphysis of the tibia. 

This bone thus forms a ready-made bone awl or piercer, wi a con 
venicntly knobbed handle. It was often so used, without adaptation, 
by early man . The discovery of an equine fibula in a geo ogi c 
posit does not, therefore, prove the contemporary presence o m:m. 
This is an error into which the uninstructed archaeologist ^ ^ 
fall, under the impression that the find is an ar^dally-pointc nc. 
artiodacitla. Suiformes (Fig. 47c, 48a). As with respect to other p s 
of their skeletons, the members of this less specialized group o even 
toed ungulates have hind-limb bones which differ charactensti y 
from those of the ruminants. 

The femur has a rather small, nearly hemispherical, hca , set on a 
distinct, longish neck. The great trochanter is large and Uterauy 
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pro^lmeIl^ bur stands by no means as high as in the hniws or in the 
mrnumnts. In gencnl it baicly exceeds the head in hdght. The lesser 
ffoc^tcr forms a stout knob of appruximately the human shape. In 
both hippopotami and domesticated pigs (Jatr tiTv/a) the shaft is rather 
shon, but not as stout, proportionately, as in the Pcrissodactyla. There 
IS no third trimmer. In the wild pigs the femur is longer and more 
slender, in view of the longer limbs and lighter, more athletic, build. 
In all, the shaft of the femur is much bowed sagittally with an anterior 
^verity. There is an extensive, but shallow, supia-condylar fossa 
The COndylcE are Wee, hut the patellar articular area is not SO high, so 
^tensive or so boldly sculptured as in more specialized ungulates. 
The lateial cpicondylc is very prominent in die bippopotimius the 
medial pron^ent, hut less so, in the pigs. 

The dbia in Hip/mperatmv 4^13 [g gbori and stouL as befits 
t c great i^ight « h^ to bw. The antecoi crest extends over two- 
,, of the shatf. The fibula is widdy separated from it, entirely 
a Li slider in proportion pioximally—much more so 
than in Rh/foftms^ of similar build and proportions. Distaliy, it is 
gatly expanded bteraUy to form the lateral malleolus of the anUc. 
Being umpccialjwd fibula thus plays its foil pan in the ankle-joint. 

• tk ^ longer and relatively more slender than 

in the foppopotamus. but not to the same extent as the tibia of a rumi- 
^nt of^mp^ble size. I„ domesticated races it ia very short and 
^ocky The tu^Ic 15 much less prominent than in rumiSnts and the 

Sr"!!? one-third, or 

,ShV^c?!i ^ i articulation for the astragalus is 

dact^ ^ e'™>vcs directed sagittaUy, as in all Attio 

The fib^ is, in proportion, a considerable bone, with a shaft at 

ITl ? ^ colourfol character assoiled^^a 

Nm .0 *e rf n, r.^ ,7_ suhratun™. 

doiOTSuc ,ni™l TOMriil «,ulible m, mciiJLl If*' 

^. pig would 

technical detail did not escape the genUl narrator 

Though not dosely n^ted zoologically, man and pig are both un- 
specialized members of thetr respective Orders ano^ ^ ^ ^ 

many features 0/ thdr skeletons with their gencralizS^om”*^^”^^ 
malian ancestor, g«cnUized common mam- 
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Fig. 48 Left hind-limb bones of: a) hippopo^us. 

I^t ktetal vie^^. The fibuke are displaced 

same scale. Note the third trochanter m the rhinoceros, as 
the horse (Fig 47). 


Ruminants (Fig. 47d). The hind-limb bones of all e 
Bovidae are strikingly alike, save in the ptopomons conso 
their difilering stature and build. Those of large, hwvy speaes, 
giant deer (Megaceros) and elk {Alces), amor^ the deer, an ca ' 
and bison (Bison) among the Bovidae, are proporuonat y ° ^ , 

something mote than proportionately stout. This is m accot 1; j 

the mcchLcal principle that doubling the linear 
such as the mammalian body, squares its surface an cu i 
Since the weight to be supported by bones depends 
of the body, while their strength depends upon the ^ea o , 
verse section, it follows that the femur of an ammal twice ^ 8 

another must be quite disproportionately stout. , r 

stature, therefore, enable the field of possibles, in an m vi 
determioation, to be greatly narrowed. , ^ ^ tn 

In all ruminants, the axis of the head and neck of e em • . 

make a smaller angle with that of the shaft (i.c., closer to a ng 
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than in the groups already described. The articular area of the head 
may extend for on to the ‘saddle’ between the head proper and the 
great uochanter. The latter process is high and very prominent later all y, 
The digital fossa at its base is extremely deep and is bounded posteriorly 1 
by the trochanteric ridge, joining the two trochanters, of which the 
curve, in posterior view, varies slightly between species. 

The shaft is straight and more or less cylindrical, the distal articu¬ 
lations very large, the condyles being placed far to the rear of the axis 
of the shaft. They are connected with the front of the shaft by a very 
long and elevated patellar area (femoral trochlea). Both this and the 
condyles are set very obUquely to the axis of the shaft, so that the inter¬ 
condylar notch, as seen from behind, runs upwards and laterally, as 
dws the patellar area in front. As in the Perissodactyla, the medial lip 
of this area is the more prominent anteriorly, but it is not developed 
m such strength and thickness as with these. The trochlea is longer 
narrower and less ruggedly modelled. ’ 

The tibia is very long in proportion to the femur and much more 
slender even than in the horse. Its proximal articular areas for the 
condyles zxe not so steeply inclined axially to form the inter-condylar 
(^t, nor IS this so high and prominent. The upper part of the shaft of 
the nbia IS more bent, transversely, in the ruminants than in the horse, 
with a medial convexity. The prominent anterior crest, therefore, 
seems to be more sharply oblique mediaUy. Where the posterior sur¬ 
face of the tibial shaft in the horse is marked by four or more raised 
lines, runnmg obliquely distally and mediaUy, these, though often 
d^y traceable, are far less prominent in the ruminants. The whole 
^ne seems more gracefully proportioned and the shaft tapers more 
noticeably m its distal third. 

noJ^o ^cuktion for the astragalus consists of two grooves, 
ot so deep 2s i^e horse, set paraUel with a sagittal plane instead of 

the £1* whi "“^ malleolus is more strongly developed than 
“ * fused-on vestige of the fibula. 

alL^d proximally, where it is preserved at 

all, and is seldoin recovered m archaeological circumstance. 

SiTttL'^rri Wnd-limb bone of deer 

“d comparatively 

at o7ce f and distinguishe STbone 

on^ ? f Qualitative difference are 

TmrLSf 1 pubUshed knowledge, it is 

^possible to say how constant and reliable for specie e a whS may 

such difference e can be observed in individual specimens Only 

““ *“88«t dependSle distinctive 

Comklerations of s^ are most helpfU in reducing the number of 
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MAXIMUM OVEBAIX LENGTHS PARALLEL 


TO THE AXIS OF THE 

SHAFT IN SAGITTAL VIEW 


Femur 

Tibia 

Elk {AUes) 

398 mm. 

440 mm. 

Red deer (Cervus) 

274 

310 

Fallow deer {Dama) 


248 

Reindeer (Rattfffer) 

248 

278 

Roe deer {Capreolus) 

198 

224 


The same caution applies to these measurements as to those given 
above for metacarpal cannon-bones (p. i 5 j). They may, nevertheless, 

be useful as giving some guide to size. t -t l *.u 

Bovidae. This family is, on the whole, more heavily built ^ the 
Ccrvidae. The shaft of the femur is slender in comparison with that o 
the Perissodactyla, but in the larger Bovidae is, none the ^ 
stout, the trochanters high, thick and lateraUy prommen^ the dis^ 
condyles large and wide. Thus, in these cases, no possi e mis ^ e 
could be made between Bovidae and Cervidae. to some lighter speaes, 
however, notably the saiga and chamois (Rupicaprd), the ora are 
very deer-Uke in proportions, save that their s^ ^ 

greater thickness distally. Sheep and goats, again, wim th^ s o 
limbs, are easily recognized as bovids, though their similanty among 

themselves is very great. u i a 1 in 

Measurements, taken from the same source, may be e p 
differentiating at least some of the genera:— 


MAXIMUM OVERALL LENGTHS PARALLEL 
TO THE AXIS OF THE SHAFT, IN SAGITTAL VIEW 


Femur 


Domestic catde {Bos taunts) 

483 mm. 

American bison bison) 

441 

Musk-ox {Ovibos moscbatus) 

550 

Saiga ‘antelope’ { 5 . tartarica) 

194 

Chamois {Bupicapra rupicapra) 


Domestic sheep (Opw aries) 

194 

Domestic goat (^apra birctts) 

204 

Ibex {Capra ibex) 

203 

Mouflon (Opw musimon) 

181 

In these measurements femur 

and tibia are 


Tibia 
385 mm. 
403 

576 

111 

250 

254 

258 

242 

190 


(smaller 

indiv.) 


these figures are unreliable. 
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The Hind-extremity (pes) 


The mammalian pes comprises, like the manus, three groups of bones: 
the tars$ 4 s^ corresponding with the carpus, the metatarsus, consisting of 
a group of up to 5 long bones, frequently reduced in number, and the 
difftSy composed each of 5 phalanges save digit I (fiallsdx or great toe), 
which, as with the pollex, has but 2, 

THE TARSUS. The full ma mm alian complement of bones of the tarsus 
is 7 irregul^y-shaped bones, closely united by ligaments which 
permit practically no movement between them (Fig. 49). They are 
derived, by fusion and suppression of two members, from a primitive 
group of 9 bones, arranged, much as are those of the carpus, in two 
rows, a proximal and a distal, with one bone occupying a central 
position. This arrangement still persists in some lower, non-mam¬ 
malian, vertebrates. 


as follows: 


Tibiale - 4 - 

intennediumj 

=Astragalus 

Fibukre 

=Gdcaneum 

Centralc 

=Navicular 

Tarsale i 

^Internal or medial 

Tarsalc 2 

cuneiform 
=Middle or Inter¬ 

Tarsale 3 

mediate cuneiform 
=Extemal or Lateral 

Tarsale 4 1 
Tarsale 5 J 

cuneiform 

=Cuboid 


prox. 

row 


dist. 

row 


=TaItis 

=Os calcis 
=Scaphoideum 

^Entocuneijorme 

=Mesocwteiforme 

=Ectocuneiforme 

=Cuhoideum 


As before, the names in the middle column will be used here. 

The proximal row of tarsals is represented by 2 biggish remaining 
bones, the astragalus and calcaneum, which have special functions. 

The astragalus forms the sole articulation with the tibia and fibula, 
for which purpose it has a more or less deeply-grooved pulley-like 
supenor articular surface, with lateral and medial facets for the two 
maUeoli. Below, it rests by three flat facets upon the calcaneum. DistaUy 
and medially it has a more or less rounded head, for articulation with 
the navicular bone. It thus forms a hinge-joint with the leg-bones, 
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permitting movement of the pes at the ankle in one plane only, with 

'^*The^lw« Lpports the astragalus from below projem 
posteriorly in a more or less long lever, the tuberontj, to the exttemity 
which is attached the very strong ‘AchiUes’ tendon (tendo 
of the extensor muscles for the foot, which occupy the 
of the tibia (‘calf’ of the leg). These muscles extend the pes on the leg, 

J b^^ping, so that the l«gth of the calcaneal tub«osity is a 
of the leverage it can apply. Distally ^d late y, e 
extends forward in the pes almost to the level of the 
galus, alongside which it presents a more or less rounded surface 

the articulation of the cuboid bone. 

These two strong bones are commonly found entne, or u 8 ^ 

damaged, in archaeological contexts, and are sometimes chm^sn 
of the species. They are thus of some importance to this study. The r - 
maining tarsal bones are comparatively unimportant, u 
account of them is included for the sake of completeness. . 

The central bone of the primitive tarsus is represente in 
by the na>ic«Iar (Uttle ship). In man and other ^ 

of the Qass, this is a somewhat boat-shaped bone, of w jioMl 

proximal surface articulates with the head of the astta^us, the 
side with the three more medial members of the s ^ * j\ 

mtmrnl {medial), middle and extemaJ {lateral) (wedge-stoped; 

bones. The cuneiforms, respectively, afford arti^oons to the 1st, 
and and 5rd meutarsals. Laterally to them li« the cuoi 0 » . 

lating proximally with the calcaneum, medially ^1 ® j tth 

and lateral cuneiform and distally with the bases o c 4 ^ , 

metatarsals. Save for certain reductions and the oi-nuos 

two adjacent tarsals, this arrai^cmcnt holds good for 

of aniinals which we are considering. r 1 « Kones 

THE METATARSUS, when fully represented, consists o j ’ 

numbered I to V from the medial side of the pes, of su , 

ment. Their number b, however, frequently reduce y a °P . 
suppression of some of the corresponding digits, ^d su r 
are of importance in classification. Each metatars^ is arti 
the tarsus and with its neighbours by joints at ® , meta¬ 
slight elastic or gliding movement b possible. T^c tarsus ^ 

tarsus thus form together a more or less elongated ^ -Mtarsals. 
crum at the ankle-joint and the load on the h^ds o e ™ . 

The motive force is applied at the extremity of the calc^ 

The dbtal end of each metatarsal presents a bead wi a mo . 

cylindrical articular surface with a raised median sagi n 
is greatly developed in the more specialized quadrupe an p 
any Uteral dispbeement. In these, the 

strict hinge-joints, while, in the Primates, for exarnple, ® -u-uorts 
are more globula; so tl4t the pes may readily adapt itself to supports 
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iKBcrpil. IB doft laii „ g^Lni^ 

miS^ the convex hi^d of 

metata^ it i« the longest of the three phalanges, the md and ttd 
(upgnalj phalanges being sucxcs5ivel7 shortcf. 

hdflv''Io^‘^h ^ ^ E«RfKiI. cdosely similar to those of the mantis, 

l™g somewhat krger and stouter in the more genetaHaed ptouds 
ofen strongly developed in the inore specialized ungtilauc^JS 
th=«r heavy for^uarterz. They a« hard Itod^niish fiom one 

‘ .Ubto f TO« . i6i^ 

tlie shctfo frtr j-ra . the skeletal bones as the joint moves, In 
the sheep, for example, them am four eesamoids on the twstecor 

^ or phoBT, ,„A» «d. 

^BBO-p^ng«l joioB. The floor tondooi here cm, 

ange of movemcof wi^ In rh JiT I 

Jd^o. „ flrr ^ 

Owing ,„ thdr mall .fe V« onl^ K t'X) t““' 

recognized sls boiiea and rcrevewJ: W Patella} they are seldom 

dmimstanccj. It i*, hotvever, iiecBiLy^rS?^^ ^f 

so as to avoid confounding thciTIffonnrH th^ eastenoe 

tarsal boncs of an ammal ofubh JLlJet th^^’rr^ ^ 

~lly Wong. As wirh ,,r,drd vrS^.'^r ' ^ 

unmitiatcd and cause much loss of *'' * 

than. The n»» prajBr bon« “ “”*5 

■n conneoion wiih the limb to which the, bek^r”^ ^ menooned 

The pes m different fiiaixunalian gtoups 
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Ttc ungual phalanges bear curved, pointed, simple ^ws. The mde 
(r«/>»).^ch has such extraordinary adaptauons for 
L-tob and manus. is quite normal in the development ^ P“- 
CMROPrERA. The pcs. unlikc the manus. which V 

wing, is. save in one particular, an entirely no^ hind 
^Uke that of the insectivorcs with 5 

The sole peculiarity is an enormously elongattd s en cr . 
which serv« as a strut for the hinder nmgin of the wmg-membtane. 

The bone is thus nearly as long as the tibu. r,i,, 

The pcs. in a bat. serves to support the ^dcr part o y 

shuffling awkwardly on the flat, supported m front on the • 

Normally, however, it is a hook for suspension when asleep m 

usual head-down position. . ,_ 

RODENTU. The pcs is very variable, according to ® P ’ 

from the short, broad strong paddle of the beaver {Cos or) (F 8;^^ 
to the immensely elongated bird-like pcs of the kangaroo mt, or 1 
{ALutaga jaadus\ a biped, leaping, desert and steppe we er, 
three very slender metatarsals arc fused together to give 
digitigrade lever. The remaining digits in Alactaga arc ves gial 
absent. The hallux is •wanting in the hares. .^1- 

PRIMATES. The foot m man (Fig. 49a) is a f(»wc peculiar to ® ^ , 

gical frunily, the Hominidac. In his nearest living relations, e 
great apes, the pes, with a widely separated hallux, foniK a 8^P 
hand admirably adapted to climbing. The possessioti o a re 
flat-soled foot and a great toe parallel with the ^t o e S’* . 

not separable to any great extent, is the mark of a long . 

history of terrestrial bipedism, of which we have not yet e ^ 
logical links to connect him ■with a presumably arbor ^ 
common with die apes. That the sole held flat to the groun is » 
likely to be derived from an originally quadrumanous pes « ^ “ 
the primitively intutned sole of the human infant, w 
assumes its typically human attitude, when bipedal ^ 

learned. The apes arc poor walkers on the flat and never ^ 

flat-soled stance, their weight being supported on c te 
the pes. j • ^ 

The tarsus in man is complete and of even development. u 

the shortness of the foot-lever, the calcaneal tuberosity is s o , 
very strong and stout. The articulation of the astrag^us wi . • 

and fibula is broad and simple, permitting a sn^ t^^rallv^ of 

(plantar surface turned medially) and eversion (sole tume 
the foot, whereby it is enabled to adapt its postiw to 
while the leg remains vertical. Rotation at the ankle is p - , 

a very slight extent. The extreme toes-out and h^ad 

foot arc chiefly produced by rotation of the entire a 
of the femur. 

The meutarssds arc longer and stronger than the metacarpal , 
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the iJlSla-EJCTKEMITV (PE-S) 

of th. nnd. ni.J. IVth Vd. «>.. sn-U *od. 

ifld (M«sidid«:) the pe, flat web all 5 a g 

Si“t 

iK), lU gf digitignuic g“t. 1 ^ ’* ^ lu these the 

6^,,, r^x^nted only by a vestigial 
oSTL its full complentern of bones m theif «ual 
S^^S«d«. the tuberosity of the cnlcaneum js 
muXa ia menj in the digitigrades it is mote 
(lEfxssiry to giTe adequate mechanical adranta^ _ 

th/pes, when the heel i< 

sundicig poaidoiL The 4 metatarsals ate of ^ dieits* 

the weight borne by the limb falling on theu heads 
ahtdi ate flat to the ground. The ungual phalanges are 

tn*^ seals (Phoddae) (Fig. 4^0 *c prt forms part of a 
mdder and is no longer of use in tertestrial pcog«ssiw. „ - 
plctely citended and inserted, the plantar sur&oe rumed 
Lini that of its opposite member. Since the pes 
or no load in extension at the ankle'joint, the tu rosity 
nneum is starcely apparent, though all the tarsal arc 
Oiher^-ise. normal. Digits 1 and V are long and strong ^ 

inargtnal spreaders of the ‘sieering'Oar’ membrane, w 1 c ^ ^ 
th™ digi« CU, m, and IV) have only the subsidiary fon^on of 
uitecttiediitc Gn-r^y^ And are both shorter and much more _ , ' j 

The sea-lions (Otaiiidae) and walrus (OMat/iai), on 
dd use the flmd pea for pfogicfisioo^ so that, m «£Ct ^ ^ ^iniv 
tuberosity is fairly long and the digits of more or leas equa c p- 

moBOSCiDEA, The elephants have the pes (Pig* 49tl)» 
vety ihort and broad, but narrower tl«n the manus ^ 
and V less folly developed. Tbe astrflgalus is low and t , 

meet the Cuboid. The medial cuneiform prO|ccts dis y W _ 
other tarsals, as docs the ttapesuum in the mflflus {p. 1 1“^ 
foniudcig of the tarsus, therefote* the p« of the elephan *PP _ 
the condition seen in the Pcrissodactyla. The metatarsals are even 
thottcr than the corresponding metacarpals. , 

PiaussooAcmA (Figs. joa. c. d). As in the manus, digit m is 
>ai» of the limb and is the most strongly develop^- H , Jlmmiarv 

It, may be almost as large {Rii/KKiros) (Fig. loa) 01 only 
(Eyaw) (Fig. ^oc). The hallux is invariably ^ is 

RhiDooeriM (Fig, ioa). The pcs ii short and Irfoa ■ 

'Tty wide with a tatha deeply owing to the 

C3U3C11T11 ji stemtj ^tundiitg very f^r to Utcral w ^ 
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wdth of the astragalus. The tuberosity is very prominent and stout. 
The other tarsal bones are also much shortened and very broad. The 
«trag^us has only a small conuct with the cuboid. The middle cunei¬ 
form IS very small. The rather short metatarsals and the very short 
phalanges resemble those of the manus. 

Horse (E^WKf) (Fig. 50c). The pes is greatly elongated. As in the 
manus, digit IE is the only one remaining in function. The astragalus 
IS fairly wide and rather high and its tibial articulation very deeply 
grooved. The calcaneum, because of the elongation of the loaded seg- 
ment of the lever, has a long tuberosity, but it is also very deep sagit- 
^y, though not thici transversely. In this, a horse calcaneum diflfcrs 
from that of an Amodactyl bone of comparable size, which is re¬ 
latively slender. The navicular and lateral cuneiform are very broad and 
L cuneiform small and relegated to the extreme mfHial 

side of the tarsiw. The cuboid is small on the lateral side. The medial 
cuneiform is missing. These reductions are, of course, the concomi- 
^ts of ^ reduction of digits E and IV, to which the middle cunei- 
form and the cuboid, respectively, correspond. 

The metatarsal cannon bone resembles the metacarpal, but is even 
rnore donated. It also diff^ from the latter in the section of its shaft, 
of which Ae mtero-posterior axis is greater in proportion than in the 
metacarpal, which is far wider transversely. The ‘splint-bones’, the 
veshgial metotarsals E and IV, He dosdy alongside El and somewhat 
to the Tw. Even wh^ missing, the niches for the articulation of their 
proximal ends, on dther side of the main metatarsal IE, show that 
they were present. 

The phalanges of the sole remaining digit dosely resemble those of 


An ^uine ^on-bone is distinctive and can scaredy be confounded 
wiA a bone of any other beast. It is very strong, thick-walled and dense 
^ s^o IS frequently reasonably weU preserved when much else has 
fcco^tion. The presence of but a single distal arti¬ 
culation for a dipt and the notches at the proximal end for the splints 
make its determination a simple matter. 

AR^ODAcrn^. m pes has 4 or 2 ftmctional digits and its axis runs 

vdot^ b/*** equally and symmetrically de- 

vdoped. ^cause of the equal status of the two digits, the tarsal bone 

corr^pon^g to IV, the cuboid, attains some importance, where, in 

®"bsidiary to the navicular and lateral cund- 
torm, supporting the central digit, IE. 

^ distinct. The astragalus 

donvaS*^thr°*th Articulation and is rather more 

dongated than the ^tragalus of a ruminant. Its head meets the navi- 

^ o^ per^ps the medial two-thirds of its area. The rather puUey- 
of the distd articulation is apparently turned m^diaUy 
through a smaU angle with respect to the axis of the tibial articulation 
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Fig 50. Dorsal views of the right pcs in ungulates: (a) rhinoceros, (c) horse, 
(d) Hipparion (extinct 5-tocd horse) (Pcrissoda^ls); (b) pig, (c) ox, 
(f) red deer (Artiodactyls). 
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while that of a ruminant almost follows the axis. This feature exempli¬ 
fies the ‘twisdness’ of many bones of the pig in comparison with those 
• of the more specialized ruminants. The calcaneum has a long tuberosity 
of which the neck is markedly narrow transversely in comparison with 
its extremity. The navicular and the lateral cuneiform (c»), with the 
cuboid, occupy the whole of the dorsal aspect of the tarsus, since the 
intermediate and medial cuneiforms (c*, ‘) are relegated to the medial 
side of the plantar aspect. 

In the hippopotamus, metatarsals 11 and V are more strongly de¬ 
veloped than in the pigs, approaching more closely to the degree of 
development seen in m and IV. All of them are very short and stout, 
even more so than the corresponding metacarpals. Digits 11 and V 
are nearly as long as the main digits and in all the phalanges are very 
much shortened, especially the broad, rounded unguals. 

In the pigs, metatarsals 111 and IV are much more strongly developed 
than n and V, which are shorter, thinner and much reduced in thickness 
proximally. The principal phalanges of the pigs ate shorter and stouter 
than those of sheep or other smaller ruminants. Those of digits 11 
and V are short and slight with very simplified artic ular surfaces and 
degenerate, small unguals. These do not reach the ground when the 
animal is standing on a hard surface, but do function as reversed 
‘barbs’ to prevent the limb sinking too deeply in marshy ground. 

Ruminants (Fig. 5oe, f). The pes is very much elongated and slender, 
espedaUy in the Ughtly built deer. The astragalus is fairly short, though 
longer than in the Perissodactyla. Its tibial articulation is a rather 
deeply grooved, pulley-like surface, its head s imilar , but with a shal¬ 
lower, less well-defined groove, of which the axis falls almost in line 
with that of the tibial articulation (difference from pig—see above). 
The calcaneum is slender, elongated and its tuberosity more ‘waisted’ 
in lateral view than that of the Equidae. 

The cuboid and navicular are fused into a single large, wide and very 
short bone, wWch receives the articular surfaces of the astragalus and 
calcaneum. This bone, the naviculo-cuboid, is typical of the ruminants 
Md IS not uncommonly recovered in archaeological contexts. Cunei¬ 
forms z and 5 (the intermediate and lateral) are also fiised, but c‘, 

though smaU, is always distinct and is relegated to the plantar aspect 
of the pcs. r r 

The metatarsus, Ukc *e metacarpus, consists of a single ‘cannon- 
bone’, formed by the fusion of the shafts of the metatarsals HI and IV. 
Metatarsal I is always entirely missing and U and V are also atrophied, 
being represimted, if at all, only by small proximal or distal vestiges, 
which arc of little importance in the present context. 

The metat:^ cannon-bone has a number of proximal facets for 
i^culauon with the tarsals and, distally, a pair of epiphyses, each drum- 
hke wi* a me^ arcumfercntial ridge for the proximal phalanges. 
Its shaft IS rather square above, more or less transversely flattened 
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below, in contrast with the metacarpal cannon-bone, which tends to be 
wider transversely and flattened antero-posteriorly. The metatarsal is, 
moreover, longer and more slender th^ the metacarpal, apart from 
the evident difference in the number and distribution of the facets for 
the tarsal and carpal articulations respectively. 

Cervidae (Fig. 5 of). All bones of the pes are comparatively narrow and 
slender. The calcaneal tuberosity is very long indeed. The metatarsal 
cannon-bone is very long and narrow, even in a comparatively heavily 
built beast such as the elk (Alces). Tlie shaft is much flattened from 
side to side and, in compensation, deep sagittally. Its anterior aspect 
bears a marked half-round flute along its entire length, joining the 
small foramen below the proximal articulation with the larger just 
above the distal epiphyses. In posterior view, the shaft is somewhat 
deeply c h a nn elled, especially about the middle of its length. These 
features, combined with the proportions, instantly distinguish a deer 
metatarsal from that of one of the Bovidae. 

Elk {AIces\ The metatarsal, like the metacarpal, is rather short in 
proportion, but otherwise altogether deer-like. The distal epiphyses 
are comparatively narrow and their median ridges parallel. There is a 
well-marked pair of transversely salient shoulders, if anything above 
the level of the suture between the epiphyses and shaft, so that the 
maximum transverse breadth of the bone comes at this point. This is 
distinctive for the genus. 

Red deer {Cenms elaphus) (Fig. 5of). The metatarsal is slender, narrow 
and deeply grooved behind. The distal epiphyses arc narrow, their 
maximum width near to the centres of the epiphyseal barrels. The 
median ridges are not very salient and parallel (difference from rein¬ 
deer). 

Reindeer {Kmgifer tarandus). The metatarsal is much like that of a 
red deer, save that the distal epiphyses are wide, the median ridges of 
their barrels salient and divergent distally, to give the characteristic 
splay toes of this species, an adaptation to snow and soft marshy ground. 
There is an abrupt shoulder at the level of the suture, but the widest 
point is low, on the barrels themselves. 

Fallow deer {Damd). The metatarsal is light and slender, not so 
deeply grooved behind as in red deer or reindeer. The narrowest 
point of the shaft is close above the distal anterior foramen and thence 
widens with sloping shoulders. The epiphyses are wide and the maxi¬ 
mum breadth is low on the barrels, though their median ridges do not 
diverge and are not very prominent. 

Roe deer {Capreolus). The metatarsal is very small and slender, rather 
square in section for a cervine metatarsal and not deeply grooved 
behind. The distal epiphyses are small and narrow, the breadths almost 
equal on the gently sloping shoulder and low on the barrels of the 
epiphyses. Their median ridges are very narrow, acute and salient, but 
parallel. 


i8o 
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Some cervine metatarsals figured by Hue (1907) gave the following 
maximum overall lengths:— ^ 

dices) metatarsal cannon-bone 385 mm. 

Red deer (Cervus elapbus) 

Reindeer {Ran^fer tarandus) 

Fallow deer (Dama damd) 

Roe deer (Capreo/us capreol$is) 

Bovidae (Fig. 5oe). The calcaneal tuberosity is, on the whole, shorter, 
stouter and more ‘waisted’ than in the deer. The metatarsal is very 
square in the shaft above, transversely flattened below. The anterior 
flute of the shaft is usually less well marked and the groove behind 
shallower and less well defined than in the deer. The distal epiphyses 
are wider in the barrel, as is the deep notch separating the two barrels. 
These differences vary in degree with the build of the animal con¬ 
cerned. The comparatively long-legged, light chamois and saiga arc 
more deer-like in the general proportions of the metatarsal, but they 
are decisively bovid in detail. 

Bos and Bison. These genera are very difficult to determine with any 
confid^ce from the metatarsals, as from the other long bones. Differ¬ 
ences in stature between Bos primigenius and Bison priscus are negligible 
an are often confused by differences of sex and individual build 
within the genera. In both the cannon-bones are long, heavy and stout. 
In comparable mdividuals, the shoulders at the suture of the distal 
epiphyses ^e said to be more marked in Bison^ while those in Bos arc 
more s oping. The difference is often clear in particular individuals, 
ut is h^d to recognize in the presence of sex differences also. The 
me an ridges of the barrels are perhaps somewhat divergent in frontal 
aspcrt in Bison^ not in Bos. Exact measurements and indices derived 
erefrom, are probably the only reliable criteria in most cases, 
us ox (()vibos mosebatus). Both the dimensions and the relative 
p^portions of metatarsal and metacarpal distinguish this species. 

1 ^ 1 bovine, though small, but the metatarsal is rc- 

y s ort and broad in comparison with the metacarpal, as in sheep, 
aiga (Saiga farfarica). The metatarsal is exceedingly long and slender 
in comparison with the metacarpal, very narrow proximally and in 
pr^omon broad at the distal epiphyses, with sloping shoulders. 

amois \BMpicapra rupicapra). The metatarsal is fairly long and 
s cn er, not as extremely as in the saiga. The distal epiphyses arc very 
brMd in ^oportion, with markedly square shoulders. 

. j. \ (Capra). These genera are usually mutually 

m stinguishablc from the long bones. The metatarsals are square in 
* trie longer than the metacarpals, broad and square-should- 
^ epiphyseal suture. In general proportions they are inter- 
^cen the saiga and chamois on the one hand and the 
heavily built bovines on the other. 


32^ 

245 

209 

185 
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Fig 51. (a, b) Human patella, lateral and posterior views: (c, d, e, f) the 
same views ot patellae of dog and ox respectivcl7. (g, h) ^ght 
lateral and ventm views of the os penis of a wolf. All on the same 
scale. 
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Some length measurements of specimen bovid metatarsals, taken 
from Hue’s figures, may be some rough guide to stature:— 


Bison (Bison bison) 

236 mm. 

metatarsal cannon-bone 


Domestic ox (Bos taurus) 

230 

(not the same individual 


as the metacarpal on p. 155) 


Musk ox (fivibos moschatus) 

187 

Saiga (Saiga tartaried) 

182 

Chamois (Kupicapra r.) 

150 

Ibex (Capra ibex) 


Domestic goat (Capra bircus) 

132 

Mouflon (Or/x musimoii) 

148 

Domestic sheep (Qiir aries) 

151 


To these may be added some measurements from actual bones:— 

Urochs (Bos pnmigenius) ($) 293 

Celtic ox ("Bos longifrons^) 178-218 

(range of several) 

Phalanges of the Pes. These are hardly to be determined, save on the 
basis of size, without very complete comparative matedal. The pha¬ 
langes of pes and manus are very alike in ihc ruminants and the digits 
of one limb are also distinguishable from those of the other only on 
close scrutiny and comparison. For those wishing to attempt fhese 
unrewarding tasks there arc some fairly adequate illustrations in Hue 
(1907), Plates 180-186. 

One point of general interest arises from a study of these illus¬ 
trations. All the phalanges of the manus in the Cervidae and Bovidae 
arc thicker and stronger, and sometimes also longer, than those of the 
pcs in the same individual. This might be expected in males from the 
greater load falling on the fore-legs owing to their bearing heavy 
antlers or horns. To what extent it may apply also to the females is 
not stated—it is at any rate unknown to the writer. 

The matter is thus seen to be of some complexity and our exact 
knowledge on the subject of phalanges is limited. Until sufficient new 
work has been done and published the only solution is to appeal to the 
comparative material of some unusually well-stocked museum, if the 
urgency of a particular case seems to warrant it. 

THE os PENIS (Fig. 5 ig, h). There remains but a single bone, once more 
not properly a skeletal bone, which must be mentioned, lest its occur¬ 
rence in an archaeological context should constitute an insoluble 
problem. 

In most less specialized mammals, Insectivores, Rodents, Qiirop- 
tera. Primates (save man) and Carnivores there is a local ossification 
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called OSptnh of a soft structuie which supports the penis in the males. 

In a I^ge dog, for example, the os penis is 4 indies long or more, 
a bilaterally symmetrical bone of antetioily tapering form, rounded 
dorsally, and deeply grooved longitudinally bdow. It is somewhat 
bent ventrally in the m.s.p. towards its anterior end. 

While not often recovered, should such a bone appear in a col¬ 
lection it would perhaps not even be recognized as mammalian unless 
its existence had been referred to. 


J Determmation of Species from Bones 


The e^rec;oiz^g dksckjptioks of th& ma nimflliaji akclcton in gcnci^ 
and the prindpal ch^ctctisuc^ of the lionis in the Tiuiou^ 20obgi{3l 
gfoaps leads on to the real purpose behind the study of bones hy an 
afcJiacologist—the determination of the speeics represented in an 
excavated collection. 

Few people with even a nodding acquaintance with mammals— 
not zoologists only—would find great difficulty in assigning the 
entire skeleton of an animal at least to the coxtecr Ofder within the 
Ckss Mammalia, Unfortimjitdyj save for those men and their 
domestic dogs^ it is a ranty for achaeologists to unearth complete 
skeletons^ Most collections £com archaeological sites consist □veT’* 
whelmingly of fragments. Complete bones are rather few. The reason 
for this h evident, 

Man's chief concern with his mammaliao contemporaries was to 
hunt for food and clothing those which he was able to overpower, 
and to shun those which he regarded as worthless for these purposes, 
or in hunting which he was more likely to lose Iiis life than gain a meal 
or a Only the remains of the former group will be found in any 
quaudty at hia habitation-sites. Those of the rematoder, naturally 
buried in peat or river-gcavd, will have siifieced the ravages of scav- 
ecigers and of decay, so that only the more massive and durable parts 
are Ukcly to have l™n preserved. 

Later, when the arts of agrteulture and the domcstjcaticn of 
had been learned, the herdBincn lived chiefly on their domestic stock 
and hunted as much for pleasure as for meat. However acquired, the 
itauains of animals which we find at archaeological sites have mosdy 
been butchered and carved, the bones even deliberately smashed for 
their martow or to obtain industrial imtcrial. What was left was cither 
dropped underfoot, wherever the diner or craftsman happened to be, 
or, in later and tidier soacdcs, was consigned to the lake, the river, 
the bog or the midden. In favourable circumstances the material is 
found much as it was discarded by man, but very often natural agencies 
have further aflected it, so that, again, only the more resistant fragments 
aie available to be examinecL How far the smaller pieces may be 
usrful for study ynii be coaridcred below. This chapter is concerned 
with the deteemmatinn of entire, or at least fairly complete, single 
bones. 

Determination ts by a number of steps and systematic climinatioiis. 
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A. What port of the akeleton ia it? 

The essential pidiminaiy step in any dctcnninadoa is to 
what part of the mammalian skeleton the spedmen lepiesents. 
Unless a eonhdeat decMon on this point can first be made, all sorts 
of ridiculous ciTois may follow, such as, for example, mistaking a 
finger-bone of a la^et species for one of the nia>n iimh-boncs of a 
smaller. 

In the case of a tooth, this step will obviously be unnecessary from 
the outset, but until pidiiiunary tecogoition of a bone and its assigtt* 
meut to the coircct part of the skeleton becomes axiomatic, serious 
mistakes can hardly be avoided if it is omitted. It is specially impoitanr 
when the spetitnen is fiagmentaty. 

The following is an attempt to construct a *Kcy’ to the bones of the 
skeleton, on the lines of those used In other branches of biological 
science for the recogaidoa of species. Under each main head there is a 
number of alternatives, and by following up those which correspond 
with the observed chacaaers of the unknown spedmeu its identicy 
should be readily lecogniaed. 


Key CO the bonefi 
of the Tnarnmdian akeleton 


(i) The spedmeQ is dearly a ']c>ng^ bone 
(b) It ia nsf deady e loGg bone 


S££ FABLA. t 

7 


It baa (a) Both actictilsuons convex 

(b) Both aiticuliticjo^ &t oz con- 

cave 

(c) One itcdcuiation f^onvex^ the 

other fiat ot concave 

(d) A cloLf axticLiktion only at 

one end 


M i 


4 


i 


f* 


6 


y (a) The rounded head has a distinct neck 
and a small pit in its articular surface. 

The other end has a pair of knuckle- 
shaped condyles, separated by a deep 

notdi, and a patellar facet in front /vwjtr 

(Figs. 4j, 46, 47) 

(b) The head has no distinct neck, 'llie 
other end is a pulky-shaped trochln 
with more or less deep fossae above it; 
before and behind, occasionally per> 
foratjcd Humnif 

(Figs. 59, 40, 41) 
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4* (a) The shaft is triaDgulai in section above* 

The proximal joint-surface consists of 
two £attisK facets with a raised crest 
between them. The distal articulation is 
concave and more or less pulley-shaped. 

There may be a fused-on vestige of a 

fibula Tibia 

(Figs. 45, 46, 47) 


(b) The shaft is very slender, flattened or 
polygonal in section* The articulations 

at both ends arc flatdsh small facets Fibula 

(Figs. 45, 46, 47) 


5. (a) The largest articulation is a deep, 
rounded notch, not right at the end of 
the bone but in one side of its length. 
The shaft tapers to a small articulation 
at the other or is broken off close to a 
point where it is fused with another 
bone 

(b) (i) The convex head is usually more or 
less cylindrical with a slightly concave 
facet on the end of the bone. The other 
end is wider, with a hollow articulation. 
Unspecialized (e,g., human or carni¬ 
vorous) 

(b) (ii) There is no distinct head. One arti¬ 
culation is hollow and pulley-like, the 
other end has a complicated surface of 
several convex and concave facets. The 
shaft is D-shaped in section, with a scar 
on its flat face for the ulna or a fused-on 
vestige of the ulna—specialized quad¬ 
ruped (c.g,, bovine) 


Ulna 

(Figs. 59, 40, 40 


Kadius 
(Figs. 59, 40, 40 


(Fig. 41) 


(c) One articulation consists of a number 
of almost flat facets, the other of one or 
two almost cylindrical ‘barrels* or 
‘knuckles*, transverse to the shaft, each 
with a more or less raised median 

ridge Metapodial 

(Metacarpal or metatarsal) 

(Figs, 43. 46, 49. 50) 


DETEKMINATIQN OF FROM 


1^7 


(d) One articulation is hollow, the other a 
more or less prominem katickle, with¬ 
out a median tidge. The bone ma y be 
very short (elephant) or very long (bat), 
but is geuctflJly not more than 5 or 4 
diameters of its shaft in length 


6. (a) The articulated end is convex and forms 
something of a knob- The abaft tapers 
to a more or less sharp point 


(b) The aiticulatiOEi is concave, or a more or 
less rounded notch 

7. (a) The bone is bilatcmlly symmctiical, i.e., 
lies in the midlinc of the body 
(b) It is m/ symmetrical, is, therefore, one 
of a pair which arc mirror-iinagcE of 
one anocher, lying kceraliy to the 

&* (a) It is pierced by a large foramen* or is 
even ting-like (a/Iaj). Has a body* trans¬ 
verse processes and neural spine, with 
two pairs of ardcutar facets 

(b) It is relatively narrow, flat or keded, 
and bears the impressions at either side 
of costa] cartilages or stcmai tihs 

(c) It is a more or less long, rigid tub<^ 
consistmg of two distinct halves which 
meet on thfC one side in the plane of 
symmetry and on the other arc joined 
by a wedge-shaped sacrum 

(Probably of a camivorc, in which the 
sacro-iliac joints and symphysis pubis 
arc early ankylosed). 

(d) It is somewhat wedge- shaped, evidently 
consists of several vertebrae fused to¬ 
gether and has areas at both sides for 
the articulations with the ilk 


Pikt/asx of manus 
or pes. 

(FiRs, 45. 44 ^ 4 % Jo) 
Degenerate Fih/a, 

mriapedial 
(Fig5. 47, yo) 

Degenerate Ulna 

(Fig' 41 ) 

SBS PARA. 8 


9 


Vfrttbr 9 
(Figs. 28-jo) 


Sfermtif 
(Fig- 5}) 


Pr<Ar£|- 

(Fif, }6) 


SaiTMiir 

(Fig. Ji) 
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(c) It is narrow and elongated, tapering 
towards one end and deeply grooved 
throughout the greater part of its 
length on the inferior (concave) side of 
its slight longitudinal curve, trans¬ 
versely rounded above 


(f) It is an entire skull or an unpaired l>one 
of the skull 


(g) It is sub-cylindrical in section, some¬ 
what waisted, and otherwise almost 
featureless, save, possibly, for small 
processes or longitudinal ridges 

(h) It is sub-rectangular in section, waisted, 
and shows a half-facet at each cod on 
cither side for a costal cartilage or 
sternal rib 

(i) It is disc-Ukc, one surface smooth 
(dearly an articular surface, perhaps 
marked with indistinct concentric 
circles), the other surface rough (with 
the crystalline texture typical of an un¬ 
fused epiphysis). The discoid may be 
more or less flat or mote or less deeply 
dished, with the articular surface cither 
convex or concave 

9. (a) It is tabular in structure, bounded by 
denticulate sutures, finely cellular in 
section where fractured 

(parietal or temporal, probably human), 

(b) It is of irregular shape, thin and plate¬ 
like, or more or less coarsely ccUoJar in 
structure or cavernous 

(c) It answers the foregoing general des¬ 
cription, but is more or less conical. 


Os penis 
(probably of a 
carnivore) 

(Pig- SO 

frontal, &sdpitai^ 
sphenoid^ palatine^ 
ethmoid, maxilla or 
mandible 
(Figs. 6, 7) 


Caudal vertebra 


Stemebra 
(segment of sternum) 


Vertebral epiplgsis 

(Fig. 30) 

Paired bone of 

eranial vault 


Cranial bone 
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cursTcd or twisted, the sorfoce mote ot 
less dearly' marked by ramjfyini^ 
grooves of blood-vessels and small 
foramina 

(A) It is more or less cylindrical in section 
or palmate^ branched* and die branches 
t erminating In points. Qose ta the 
thicker base, a Tiurr" or 'coronct\ The 
whole surface tnore or less clearly 
marked with the ramifying grooves of 
vessels* Tn section it is seen to consist 
of a thick outer layer of detise bone, 
the interior being finely cancellous or 
cellular—much more ^dy than in a 
skeletal bone of comparable size 


(e) It is more or Ie$5 flat and bladc-likc* 
or sub-rectangular in section^ curved 
longitudinally;* with two articular pro¬ 
minences dose together at one end* A 
groove for vessels and nerves runs 
along its length near one edge* inside 
the curve 

(f) It Is flat and blade-like* with a median 
crest or spine at right angles to tbe plane; 
of the main blade* Generally sub-tri¬ 
angular or sub-ova] in outline, the most 
acute angle having a large* more or less 
oval, shdlow articular surface. The end 
of the spine nearest this may be mote or 
less expanded and overhanging the edge 
of the articular surfiice 

(g) It k superfid^y somewhat dU-like, but 
has 1 double S-cuxve, unlike the single 
C-curve of a rib, with clear articular 
facets at both cads 

(h) It has a large, mote or less eipanded, 
fao-shaped projection with a rirculai, 
cup-shaped articular surface at its base. 
Two other fanmehes diverge from the 
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Rjrjffijwr Jkrfmre 
(Figs, 11, 11) 


DiiT fin/hr 

^ig. to) 


Rib 

(Figs. J, 4t *9) 


(Figs- S3-J) 


fjSawV/r 

(Fig. J 3 ) 
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articular cup and rejoin to enclose a 
large, more or less oval, space 

(i) It is an irregular-shaped, compact bone, 
with two or more rather flat or shallow 
articular facets 


(j) While answering the general description 
under (i), it has a more or less pro¬ 
minent lever-like process, roughened 
at its extremity for the attachment of a 
strong tendon 

(k) While answering the general descrip¬ 
tion under (i) one of its surfaces is a 
rather prominent pulley-shaped arti¬ 
culation 

( l ) It is rather small and pea-like, with one, 
or two closely adjacent, articular facets 
on one side only 

(m) While answering the general description 
under (1), it is generally larger, approxi¬ 
mately heart-shaped and is marked by 
roughened areas at base and apex for the 
attachment of strong tendons 

(n) The bone has but one clear, somewhat 
deeply concave, articular facet Its part 
opposite to this may be distinctly claw- 
or hoof-like in shape, but in any case, 
has the rough, vascular surface, full of 
small foramina, which shows it to be the 
cote of a homy structure 

(o) The bone shows clearly in one part an 
articular surface or surfaces, but in an¬ 
other has a surface more or less regular 
but characteristically rough and crys¬ 
talline in texture 


(Refer to the bone or bones suggested 
by the form of the articular surfece). 


Os mmminaium 

(Pigs- 36. 37) 


Carpal or 
tarsal bone 


(Figs. 43,44,49, jo) 


Calcmeum 
(Figs. 49, JO) 


Astragalus 
(Figs. 49, jo) 


Sisamoid bom 

(Figs. 43,44,49, jo) 


patella 

(Pig- 51) 


Vttfftal phalanx 
(Figs. 43,44,49, jo) 


IjBOse tpipbysts 
of a long hone 

(Fig- 38) 
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(p) Tbe bone shows no ardcukr suiifacx 
hut only that dtuxactecistic of a sdli- 

growing cpiphysU Eptpfyiri 

cf a MkAjji/pTj 
cr fl/Arr f&t ih 

aitmhmtft/ c/ a ienthn^ 
wAifA is osjT^d sfparate/j 
from tht mam pari of i/s 
parml Ao^ie. 

This is ^ ucher clumsy eispedieiiti iatnxluccd only to imke the 
book as sclf-qontaJjioJ as possiblC| for those who have no ready access 
to personal demonsrradons in osteology. Rapid recognition of batm 
and their correct attribution to the part of the body to which they 
bdoJig com^ only with pracdcc and after handling a certain amount 
of bone matedaL No ilEustrations, however complete^ can be an 
adequate substitute for the actual bones in the round. With all 
these limitations, however, the key may make it possible for die 
reader to take the first steps unaided» After having gained a little 
experience, he will, in most cases, soon be able to abandon these 
crutches and only occasionally have to go through the whole system 
CO arrive at a concliujion^ in the more difficult and uncommon 
instances. 

Once armed with the correct location of die bone in the skeleton, 
die next step may be taken, cowards the detenninadon of the spedcs 
to which it belonged. 

First elimination— 
what could it be, in point of size ? 

All determinadoos consist in a process of ellmlnadoiu 'rhe most 
obvious first elimina tion ist by size. A femur (Fig, ji) j6o mm. (t4'^ 
long and 58 mm^ (MO ^ diameter in mid-shaft evidendy belongs to 
an animal of some moderate size. One can, therefare, immediately 
eliminate aa possibilities the small mammals (Tfiscctivora, Oiiroptera, 
Rodentia, Pdmates—save man—and the sm^er Carnivora) on the 
one band and, on tlu; other, the very large and hcavjly built (elephants, 
ihiaoceroscs and hippopotamuses). Incceasiog familiarity with the 
material will lead to this eliminadoa, and those which follow, be- 
coming. CO some extent, automadc and subconscious. At fir^^ however, 
it is a$ well dclibemtely to elimiDate even the obvious impossibilides. 
in order to arrive at a complete short lift of cuitcelvable possibilities. 
Omission of this step may lead to jumping to premarure con- 
dusions. When eliminating any group, one should consdendously 
ask oneself the questionr "l!ow do I that this group can- 
not have owned the bone to question^ It is one thing to htow chai 
a particular specimen is nor horse, it is more perroaiiendy useful 
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(and communicable!) to be able to explain in detail it could not 
be horse* 

To return to our ^sheep’: for the femur under examination we ate 
now left with the foUowiog list of possibilities:— Man a large carni¬ 
vore (bear or lion), horse, pig, a large deer (e*g*, elk) or one of the 

larger bovids (BoSj Ou/iws). 
Some further eliminations from 
SO this list, on the basis of dimen¬ 
sions, are possible, on doser 
consideration. 

No adult man has a femur as 
short as 14', If, therefore, the femur 
in question is dearly adult, with 
completely-fused epiphyses, man 
can forthwith be counted out. 
Conversely, the pig, though com¬ 
parable with man in body-wdght, 
has very short legs and its femur is, 
therefore, too short to come into 
the question here. 

As to the claim s of the rctmlning 
— candidates, the next set of elimina¬ 
tions will have to be based on 
morphological considerations. 



C. Second elimination— 
to what Order does the bone belong? 

Beginning with the larger 2oological groups, reference may be made 
to p, 162 where the femora are described in turn. Under Carnivofa, it 
is there stated that the femur approaches the human form and that the 
great trochanter sddom projects above the head, save in the family 
of cats (Felidae), On reference to the specimen, it is seen that the great 
ttoidianter docs project far beyond the head. This does not eliminate 
the Felidae, but it may be observed, in addition, that the head is not so 
rounded or so well detached, the shaft so slender and, at the distal end, 
e patellar area is much more extensive and elevated than in the cats, 
oreover, the whole bone is much shorter and stockier th^n in the 
j^vora, so that this Order may safely be excluded. 

e bone clearly belongs to a somewhat more specialized terrestrial 
quadruped. 

The list is now abbreviated to horse, large deer or one of the larger 
^ds. Of these, the horse belongs to the odd-toed group of un¬ 
gulate, Perissodactyla, in which a constant feature of the femur is a 
prommTOt third trochanter. The specimen has no such process, so it 
cannot have belonged to a horse. 
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Under Ccrvidae, it is shown that the two largest {Akes, Megaceros) 
have femora 400 mm. or more long, and withal slender. The next in 
size {Cervus elapbus) is much shorter than our specimen and even more 
slender in proportion. Evidently, then, the femur is not part of any deer 
in our list. 

We have thus eli m i n ated all but a single zoological Family—the 
Bovidae. 


D. Within the Order or lower category 
identified, what species does the bone best fit? 

In view of the comparative difficulty of distinguishing morpholo¬ 
gically between members of the same Family, a review of the sizes of 
the possible claimants is, once more, worth while. At 360 mm or so, 
our specimen is more than half as long again as the femur in sheep or 
goats, but notably smaller than those of the bison, urochs or modem 
domestic cattle. The nearest match for size is Ovibos^ the musk ox. 
Now, unless our femur comes from a Pleistocene site where the 
presence of musk-ox is conceivable, this conclusion must also be 
rejected. 

Assuming that Ovibos must be discounted, as at a Roman or Iron- 
Age site, we seem to have reached an impasse, having considered every¬ 
thing in our list without reaching a conclusion. Presendy we remember, 
however, that prehistoric domestic animals were frequendy much 
smaller than our modem breeds, so that the specimen would probably 
fit a Celtic ox, the so-called 'Bos longfrons'. This determination is 
obviously likely to be correct. 

E. Comparison with known material 

Until the student of bones comes to know his mafert; il pretty well, 
such a determination faute de mieux is not good enough. The final 
test for every determination is comparison with known and labelled 
material. The larger and more varied this is, the firmer are the con¬ 
clusions to which the student may have to append his n!im<> in an 
eventual publication. Until our femur has been compared with at 
least one from a known prehistoric ox and found to be identical save 
in very minor details, the task is not finished. If a whole series of com¬ 
parative specimens is available, showing a range of variation within 
the race, into which range the specimen can be fitted without dis- 
crepanc)', so much the better. Sex, age, heredity, and environment all 
have an infiuence on the stature of animals , which must be »alf<»n into 
account where, as here, a determination rests largely on dimensions of 
the specimen and on probabilities. 

It is not every case, even of an entire bone, which permits a process 
of elimination so complete as to exclude all but a single species. In the 
dog Family, the Gu i ida e , for example, there is always likely to be some 
doubt as between the long bones of a large dog and those of a wolf, 
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or bc^een amaH dogs flod two spedcs of foi. The sheep and goats are 
notonoualy difficult to distinguish, save from &ot>d rIcuIIk of Kom- 
corcs. The test of the small bovids will onl 

these by the use of oompami^x material at fiijt ano,__ 

memotiring minor differences in proportions and mocpholo^^A ^sual 
memoty, a sound knowledge of the mantmalun skeleton jn general. 


Fro jj. 


Examples (i) to ()} foi initial pnctlce in dctennlnadon of eodi 
bones and teeth. All the pieces are diawn to the same scale. Try i 
yours^ fii»t--only then refer to Appeodk A (p, i4a> foi desede 
nott of the iccomnofqdcd pioceduM for dctcnnimrion In fticli Cfii5< 
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Fig ]4. Emnples (fc) to (t) kU to the same leale, for ptacttce la deteEmining 
bfMio and teeth. Appendix A (p. 14S) for results—^but try them 
unaided first. 


with its inodi£catioas in the main Orders, and some understanding 
of the habits and envifonments of the living animals are all helpful 
and can be cultivated. 

In order to assist the beginner a few examples fbt practice io de* 
tertninatloa of entire bones ace illustrated in Figs, 5 j-4. The solutions, 
with the detailed arguments leading to them, ate given in Appcndii A, 
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Fragmentary bones 


It has AiJUiADT t>eeu pointed out, at the beginniag of the preceding 
chapter* that the irast mfljoriry of animal boiic$ from archaeological 
sites is fotxodt for reasons there discussed, in a more or less fragmen- 
tary toodidon. 

There will be many of these too small or too damaged to give any 
useful mfortnadon. With a little Iiick in the preservation of significant 
details^ however, and by Hcoostnjcting iti the mind's eye what k 
missing* a surprising number, c\^cn of fragments, will yield their 
probable identities to a practised Ecudent. A quantity will always re¬ 
main undeterniinable* or, what amounts to the same thing, not worth 
the labour of determination- There are, thus» two main points to be 
eonaidcred here:— 

(i) What kinds of fragments arc at all determinable ? 

(ii) W^hat is worth the expenditure of some time and labour in arriv¬ 

ing at a determination? 

WTint is determinable? 

Absolute size is no measure of imporcanec, A rodent molar 2 mm* 
long may enable the exact species 10 be determinixl, while a piece 
weighing several pounds from the shaft of a long bone of some krge 
species may tell us nothing certain but that it is of a large animal. 

How, then^ is the excavator to know what is worrh keeping and what 
should be discarded? 

Wc have seen that bones arc recognized largely by the form of their 
articuLitions. Unless a bone can first be identified, the species to which 
it belonged cannot be determined. It is important, therefore, to recover 
the articular Burfftces, and this includes loose epiphyses of imma ture 
boncs- At the same time, a fra^gment of a sbatt alone may the 

evidence for its deterrnination. The radius of a horee, showing the 
ankyloscd vesdge of the ulnar shaft, cannot be mistaken for anything 
else, cv^n when its a^eulatiom are missing. A single inch of the shaft 
of a human femur, with tts chaiactcristic taised linca aspcca, is sufficient 
10 determinr man* 

Shaft-fragments should, therefore, be examined for esoescences, 
grooTeSj foramina, etc., which may betray their nature 
directly or enable a match to be found among the Comparative maccnal. 

Much of zoological dassffieation is based on teeth and toes No 
tooth, or even a piece of enamel showing any possibly characteriade 

I9fi 
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soilpture, should be thrown away. Considerable fragments of meta- 
podials are always valuable. Even loose phalanges may be informa¬ 
tive, although they do not always enable exact determination between 
species of similar size. The often insignificant, multi-faceted carpals 
and tarsals are also important when they are recovered, especially the 
astragali and calcanea, since different zoological groups have different 
equipment and arrangements at wrist and ankle, which may serve to 
distinguish them. 

Hom-cores, hoof-cores and antler fragments are always worth 
preserving. In the case of hom-cores, there may be no other way of 
distinguishing readily between sheep and goats. The bony pedicle, the 
burr, beam and brow-tine of an antler are important in determining 
deer remains. 

It is well worth while considering fragments in their context, as 
found. Several undistinguished chips and flakes of bone, found to¬ 
gether, may have joins preserved which will enable something signifi¬ 
cant to be rebuilt. If a ^dly broken skull is found in position, it may 
be quite useless merely to collect the biggest and strongest pieces, for 
important contacts will certainly be lost. If, on the other hand, every¬ 
thing which might belong to the find is scrupulously gathered and 
kept together, a skilled and patient preparator may be able to strengthen 
and rebuild from it a really valuable specimen^ Fragments which evi¬ 
dently belong together should never be separated. 

Though whole skulls and skeletons may be rare, every effort should 
be made to recover, and preserve unbroken, considerable portions 
which may be discovered. 

Any bones found in their correct articulat ed positions are interesting, 
for this means that at least some oT th^muscles and ligaments still 
held them together when they became buried. A femur and a tibia of a 
deer found separately mean no more than that man hunted and ate 
that species of deer, but the same bones, found lying in their correct 
anatomical relationship, may represent a funerary offering of an entire 
haunch of venison, a foundation-deposit or other evidence of con¬ 
temporary piety. 

TTie importance of recovering the whole of a find, even when badly 
broken or decayed, may be seen when it is realized that species- 
determination often rests on proportions rather than on differences of 
anatomical details. A broken bovine thoracic vertebra, for instance, 
may equally well belong to ox or bison. If the whole of the neural 
spine is recovered, however, or even its original length recorded 
(when it cannot be lifted in reconstructable fragments), a definite de¬ 
cision one way or the other becomes possible. So also for the skulls 
of these genera. Hom-cores arc often in poor condition, owing to 
their light, cellular structure, but they are distinctive as between Bos 
and Bison if enough can be recovered. The base of the hom-corc and 
the presence or absence of a buttress of bone supporting it is said to 
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distinguish a wiJd Bsf/^mt^rsu from a bfge domcsncated B&i ianrui. 
The mosc important disdnctFva icatufe between sheep and goat lies 
on the vault of the skull, just behind the bases of the homs, where the 
course of the coronal suture is sped^c. 

Separate teeth liavc already been mentioned, but thetr value is much 
enhanced if they arc still in their alveoli in maxilla or mandible. One 
suggested Bignilicant dilfercnce between dog and wolf tests on lucasuie- 
ments of die last three upper check-tecdi in situ. The cave-bear’s den- 
dtion, apart from mere size, diflers from that of the brown bear only 
in the total absence of a degenerate premolar, which is present as a 
vestige in the litter. 

Cases could be multiplied almost indefinitely. The prindptes to be 
followed in all arc the same—■careful excavatiofl, noting any possibly 
sigmiicant spatial relauonships between bonea, carefiil tifring of any 
which seem worthy of preservadon for study ox exhibition and the 
coUecdon of all fragincnts which might possibly be with a 

single spec]men, to ensure the best possible resioration if tliat should 
be attempted. 

What may ^ safely be discarded on the site consists only of the 
numenius splinters and fragments of shafts of long boots which bear 
no charactetisuc fixtures, broken vertebrae and ribs, small skuU-, 
mandible- and pelvis-fragments which arc unrelated to any particular 
pordon worth reassembling, 

What is worili dctemnlnstdoti ? 

hbmy sites of pcnnanctit human settlements yield bones in great 
prtjfusion. These arc generally overwhelmingly of the usual domesdc 
animals and the number of specimens determinable with certainty, or 
at least with a high degree of probabUity, often runs into hundreds, 

if not thousands. 

In these cireumstanots, it is dearly waste of time to attempt the 
detcGiu nation of any fragments which are not suffidently complete to 
an unequivocal answer quickly. This does not mean that every¬ 
thing not recognisable at the first glance should be discarded. In such 
^ Msemblap, it is the occasional wild mammal, fish or bird which 
holds coosidcrabk interest, aa supplementing the basic menu of beef, 
munon an pork, which the bulk of the collection usually represents. 
Only those doubtful fiagiiKnis which could most readily belong to the 
list of TOoraoQ speacs at the site should be jettisoned forthwith. The 
rem^dCT IS worthy of a second review, in case the original element of 
doubt should have resided in thdr being imnsuaJ rather than alt(> 
gether inscrutable. 

In the c^ of a site where the coUecdon of bones is small, the value 
of the smaller less easily determined fragments is inercared and a 
gt«ter effort should be made to identify them, if ^y guess can be 
made as to their attribution, a decision can often be obtained by matd^ 




m 

mg the fragments Against complete bones belonging to the possible 
spcdcs- Su^ii debuis of suiface feiief, hitherto ueexpkined, shallow 
tnusde^impressions and hitherto mmotioed small foTamlna for nutiieiit 
vessels will M qttite accurately into place as soon as the correct match 
is found p 

The same cftie is usually worth while also where remains of Pkis- 
tooene wild faunas art the subject of the iotjuLcyp Kot only 15 bone 
fnatcnal of any sort, in this case, much rarer than on sites of perniii* 
nent occupadon, but what does survive is prolKibly much bmkeu^ 
worn and more difficult to recognise. The ’^^iety of spedcs present^ 
on the other hand^ is likely to be much greater than when domj^d- 
cated species form the bulk of the material. It is, thcrcforcj important 
to determine every single fragment if it be at all possible^ 

It is here thac a ^feeling^ for bonw^ the intuitive pcieeptioa which 
leads straight to the sclccdon of a likely match for a difficult specimen, 
amid so many possibilities, comes into its own. No great pakcoa- 
tologist is without it and it is doubtful whether it can be developed at 
all if the student lacks a certain e^eatial sense of solid form, but there 
is no question that it is based, in the first place, on an intimate acquain¬ 
tance with finer details, as well as die bask anatomical points. This 
can only be acquired by practice, by handling and companng bones 
and by studying die inethods of leading palaeontologists in the pub¬ 
lished literature. 

Every ^agment displaying some chaiactctisdc features which dudes 
the primary identification as a specific part of the skeleton ahnuld be 
treated as a challenge. If only its location in the skeleton can first be 
ascertained, it is likely that it may prove to be dctcrmimble, Sktce its 
nature was not, at fiiit, obvious, the eventual determination may add 
an uncommon, and therefore, important, species to the list. To ack¬ 
nowledge defeat without a Struggle is often to miss a "plum* of this 
sort in a rathec arid waste of 'suet* I 

Some common fngmctita 

Damaged and broken bones are infinitely variable in their state of 
preservation between the extremes of ncar-complctcncss, when their 
character should fairly easily be rcrogakedT and relatively fine com- 
minution. Any attempt to identify them in the latter condition is cer¬ 
tainly doomed to failure. The point at which this lower liimt is teached, 
of course, varies, to son:^ cxient. with the skill of the worker; but for 
everyone there must be a stage, short of actual crumbs^ at which he 
must admit defeat. 

It is, therefore, impossible to offer any systematic method for 
attempting to determine art mdividtial fragment, but the parrs of the 
skeleton vary in their capacity to withstand violence and chemiotl 
attack^ so that it is possible to indicate some more durable parts which 
are not infrequendy recognizably preserved as distinct fragments* 
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SKULL. Teech of cuqisc, of pmiie importance in all specias. Under 
natural conditions the enatnd i$ extremely durable, but it is a curious 
fact that it is more susceptible than the dentine to destruction by fire, 
so that in a creiuation, for example, or any assemblage of burnt booes, 
a watch should be kept, not so much for tlie crowns as for the moti of 
teeth. 

In the smaller mammals, with thin skulls, the tmndibie and the teeth 
alone suorivc. in most cases. In man, the more durable fiagments are 
of the thicker parts of the vault (frontal, paiietals, occipital), especially 
the central part of die occipital squama, wiicrc it is thickest, the frontal 
cminenoes ^d the upper margim of the orbits. The base and face 
generally distintegnre hut, of the base, the dense petrous 
parts of the temporals, containing the inner car mechaaisin, may 
be well preserved. The mandible is denser than most parts of 
the skull and, though &et|ucnt1y broken at the mental foiamen, to 
one side or the other of the symphysis, enough may be left to bc 
useful. 

In the very large ungulates, on the other hand, the skull, for the 
sake of weight^saving, 15 often extccrnely cellular and porous, and is, 
therefore, eaaily decay^ed. The denser parts are, once more, the manrliWf, 
the very durable large teeth and those parts which support horns, 
antlers and^ die nasal horn in die rhinoceroses. The large and pro- 
minent occipital condyles, the condyles of the mandible and the sig¬ 
moid notches in front of tbetn, are not uncommon loose figm e nts, 
riom-cores, antlers and die dense frontal bones supporting them are 
next in order of Importance. 

AXIAL SKELETON. Vertebrae ate seldom preserved entire. In die large 
animals with heavy heads, however, some of die ccrvJcals, andespedally 
thc atlas and axis, are very heavy and solid. Even though much broken, 
the details thetr ^ction are ofiea present in fragments and permit 
meir recognition, Pieces of rib-shafta are common, but not often very 
informative, save as to the general sbse of the anitnaL Sacra, where 
they are well ossifi^ may be preserved and caudal vertebrae, where 
th«e is a strong tail, may survive recognizably owing to their initial 
lac of prominent detail. In man, rhe a^ and axis oTren outlast even 
the krtge li^bar vertebrae, and the saemm. transmitting the whole 
weight of the crunk, is denser and more often preserved than it is in 
most quadrupeds. 

sfiouLDEtt-GiRDLK, The blade of a scapula, though thin, is oftcp den *'* 
and Sl^g enough to be largely preserved, Ibe vertebral margin is 
^cn less well ossified—is, indeed, largely cartilaginous in un gtilataa 
(Fig* IS generally very cnided. Wlicn even most of rhe bUde 

h« penshed, the strong neck with die glenoid cavity may survive, 
with ttough of the spine ro permit dctcrmioation. Even the shape of 
the glenoid surface and the development of the coracoid may be 
suffiaent to identify- the spedcs. The absence of a prominent acromion 
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and coEiCoid IR uagijJit^ the preservation of a recognizable 

fragments In imti^ the processes have often det^^ed, but the bkde, in 
contcasif is well ossified thranghoiit and iti ourline and strong spine 
will identify tL The clavicle h a considetiable and strong bone in the 
PdjmteSj and often outlasts the ribs and vertebrae. 

HUMSiaoUi, Whatever else may M away, the acetabulum and the 
pordons of the ilium, ischium and pubb Immediately adjacent to it 
are the last parts to disappear. The iBum, or at least its neck^ gcncTally 
survives to some csfcent^ though the iliac crest and fan-likc eaepanse 
are first attacked, even before the ischium and pubis. 

LONG BONES IN GENERAL 

The shafts generally oudost the articuIationSi so that die recognizable 
sliaft-fezturca are importacuL 

HVMERUS^ The head and tuberosities seem to decay first, but the upper 
part of the shaft and the ddtoid ddge ate gcneiaUy in faidy good 
conditionH Owing to the deep txjronoid and olecranon fossae, the 
weakest part of the distal end of the humems is just above the trochlea, 
so that this is not unoonmion as a separate fragment. Where nothiug 
but a shaft remains, its distal end may show the base of the division of 
die epicondylcis supporting the trochlea on either side of the olecranon 
fossa. This identifies a humerus- 

ULNA. The strength of this hone is mostly conocntcated tound the 
trochlear notch and in the oleciannn process. Even where it is well 
developed, the shaft may disappear b^oie the more ptoiimfii] parts. 
In domestic species the olecranon will often be found to be broken 
across. It has, of course, an epiphysis* which in youth is loose, but 
evm m an adult bone this break i$ often seem Owing to the compara¬ 
tive strength of the hone this is not a place where one would cspcct 
to see a natural fracture and, indeed, it appears to be a feature of pte- 
hiatoric, os of modem, butchery. It seems that it is easier to break the 
olecranon than neatly to detach the triceps tendon from it, when 
butchering a carcase. 

Where the sliaft of the ulna is weak or dcgcncraic, it is often broken 
off a Urtlc in front of the coronoid peoccss. 

RADIUS. In mail anA unspccijilized onimaJs the radius is often broken 
a little beyond the tuberosity for the biceps, so that the head and this 
tuberosity remain as one recognizable piece and the strong distal end 
with its tapering fragment of shaft fortns another. In the specialized 
quadrupeds^ the radius is equally developed at both ends and has a 
very strong dense shaft. This normally shows a trace of the degenerate 
ulna, eitber aa an ankyloscd stump of the shaft (hoisc) or as a scar where 
the ulnar shaft rnade contact but was not ankylosed (runiinants). In 
aged individuak^ even among the ruminants, the ulna may be firmly 
flcikylosed at this poinr, but is almost inevitably broken in fbsail material. 
The two ends of the radius, and especially the loose distal epiphysis* 
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having no conBidefable promiiwnccs* are weJl preserved as separate 
fragments and are easily recognised- 

CARPAL BOI^F^. THcsc are generally not well preserved, or noE rccovctcd, 
but examples attributable to the largest mammals arc not uncommon 
because dicy arc big enough to be readily recognized as bones. They 
arc valuable indicators, if available, and are often not seriously damaged^ 
MCTACARPALS A>20 METATARSALS. Thcse RTC often Very strong cannon- 
bones andj with the emphasis on toes in classifieadoo, arc very valuable 
evidence. Shafts may be broken in the middle^ bur both ends of a 
cannon-bone arc easily recognised cmd give a good idea of the pro 
portions of the endre bone to a ptactised cyc+ Even loose or broken 
distal epiphyses are useful guides to size. 

PTLAUJKGES. Tbc shorter and stronger phalanges are canim{>iily wdl 
pr^erved and a good guess aE their specific nature imy be made from 
their size and proportions. Where these are not suilidendy distinctjve 
we are in dlfbcultics^ and more study is needed to enable u^ to make the 
most nf this sort of material. If not deeply decayed they are seldom 
broken, but the palmar wall of the shafE is often thin and is easily per¬ 
forated. Thaa is a fcarure of which prehistoric man took advantage to 
rake 'phalange whisdes*. Owing to the natural weakness at thi^point;, 
it is likely that many examples of supposed ^whistles' arc due to natural 
decay and not to adaptation hy man,. Evidence of working should be 
adduced before coaduding that such an object is an artifact. 

The ungual phalanges arc more valuable than the rest for distinguish^ 
ing the major zoological grtiupu* Those of the carnivores with the le- 
flccced basal plate arc especially distinctive. 

fzml-r. As with other long bnnes, the shaft is usually better preserved 
than the ends, f rochanters, especially, are rather susceptible to decay, 
so that the evidence tq be gained from their height above the articular 
head is ^equcntly lost* The head icself is a fairly common object as a 
loose epiphysis. It is easily distinguislKd from other epiphyses by the 
presence of a pit in the middle of its surface for the loutid ligament, 
id ail spedcs which concern us save the elephanLs. 

The drcular section of the shaft is shared with the humerus, but in 
many ungulaiK there is a more or less wdl-markcd bteral supia- 
condylar fossa. This is often preserved even when the joint surfaces 
have been lost, and identifies the femur in these spedes. 

Ihc third trochanter of the Perissodactyk, or its broken base, is 
spedhe for this group, among the ungukEes. The distal epipbpis, with 
the fcmonil condyles and the ptelkr area, is frequently found loose. 
The surface for its attachment on the shaft is cbaractciistic, consisting 
of four rather pyramidal eininencr^, with the usual gcanukr or crys¬ 
talline surface (Fig. jo). 

TIBIA. T-Tic rath^ slender shaft, in most spedes, cspcdaliy to its distal 
third, results in frequent breakages, whereby the distal end with the 
articulation for the astragalus is found as an isolated ftagmeat The 
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proximal fragment, when this occurs, is easily known by the triangular 
section of its shaft. Both proximal and distal epiphytes of young in¬ 
dividuals occur loose. The former, not so frequent because it is fused 
with the shaft at an earlier stage of growth, is unmistakable with its 
two oval facets and intervening crest. Comparison will usually permit 
its approximate determination. The distal epiphysis, with its two more 
or less deep grooves for the astragalus and protecting malleoli on one 
or both sides (the lateral, when present, a fused vestige of the fibular 
epiphysis) is equally easy to recognize. The form of the articular surface, 
whether deep or shallow, specialized or generalized, is a helpful clue 
as to its nature. 

FIBULA. Degenerate in most species, the fibula survives in the frag¬ 
mentary state usually only as a vestige more or less ankylosed with the 
dbia. Even when fiilly represented, the slender shaft does not lend it¬ 
self to preservation. In man, its quadrilateral section betrays the nature 
of the fragment, 

TARSAL BONES. Astragalus and calcaneum are not often found broken. 
Where the rest of the tarsal bones arc distinct they are seldom recog¬ 
nized, save in the case of large animals, but the fused cubo-navicular of 
ruminants and the short and flat navicular and lateral cuneiform of the 
horse are generally recovered when found. 

Metatarsals and phalanges have already been treated under meta- 
carpals and those of the fore-limb. 

It is hoped that these hints will assist in the identification of some of 
the commoner fragments. Success in this field is mostly a matter of 
practice, a good knowledge of the details of entire bones and the 
quality of imagination which will enable the investigator to restore in 
the mind’s eye such parts as may be missing. Once identified, de¬ 
termination is a matter* of elimination and comparison, as for entire 
bones. 

No determination is possible until the identity of a fragment has 
been established. In difficult cases a systematic listing in the mind of 
the bones of the skeleton to which the fragment could not belong nar¬ 
rows down the field. 

It is nearly always unwise to jump to a conclusion on the strength 
of a ‘hunch’. In the earlier stages of apprenticeship in bones ‘hunches’ 
are generally wrong. The student should be able to explain to his own 
satisfaction wly he concludes that a fragment belongs to a particular 
bone. When he knows this answer, the problem is solved once and 
for all. 
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Properties and structure of bone 

Fresh bone is a complex structure of mineral and organic materials, 
in the approximate ratio by weight of 2:1. The mineral fraction is 
chiefly calcium phosphate with some calcium carbonate and other salts 
in small amounts .''The organic matter is a protein called ossein, with 
fats and other components in the marrow filling the shafts of the long 
bones. 

The mineral substances can be removed from fresh bone (decalci- 
ficadon) by soaking (macerating) for a considerable time in dilute 
mineral adds, when the organic structures remain and are perfecdy 
pliable, so that a completely decalcified fresh long bone ran be tied in 
a knotl Conversely, the organic matter can be completely destroyed 
by fairly prolonged heating to red heat (calcination), when the mineral 
salts alone remain and the bone, while re tainin g its shape, becomes dead 
white, light in weight and extremely porous and friable, crumbling to 
p^der if subjected to any stress. 

'The mineral salts thus confer on fresh bone its hardness and rigidity; 
the orgamc matter, toughness and a certain resilience. 

Bone occurs in two forms: the compact substance and the cancellous 
or spongy tissue of which the articular ends of the long bones arc 
constructed, save for a very thin outer s kin of compact substance. 
Even this so-called compact substance is highly porous, being per¬ 
meated, in life, with minute nutrient vessels which occupy a network of 
fine channels, averaging 0.05 mm. in dia m eter, the Haversian canals. 
These run approximately longitudinally in the shaft of a long bone, 
ramifying and rejoining one another at small angles. They arc inter¬ 
connected by a still finer system of capillary vessels r unnin g in canals- 
csiliy radiating from the canals and reaching all the tiny cavities {lacunae) 
in which reside the living bone-cells. 

Fossilization 

Natural conditions suitable for the preservation of bones as fossils 
are exceptional. If this were not so the face of the earth would be 
paved metres deep with the remains of dead creatures. A first pre¬ 
requisite is that the body of a dead ammal should be rapidly covered, 
othcrwi^ the remains are accessible to scavengers and the processes of 
w<a*ering, both of which make short work of reducing it to its 
original chemical elements or at least simple compounds like carbon 
dioxide, water, ammonia and mineral salts. 
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Quick bunal* away fcofo dicsc dcstmctivc agcncifii, can cake place 
if the body falls into a river, kfce, bog or sea, w^berc it may come to 
rest and be covered with rapidly accumulating water-foriiicd sediineiits. 
Volouiic cniprions ridding quickly formed ash deposits of all particle 
sizsSi frotn boulders down to the finest dust, may preserve fossils, 
es may other wind-bome sediments like loess and dime sand. Lirnc^ 
saturated water in caves or surface springs may covof them witli drip* 
srone or rufiu In any mse, It will be obvious that chance plays the largest 
part in preservadon, and that for every Epedmen preserved, millions 
of contemporaries perish completely. 

With the coming of man the chance of preserv^ation of animal re¬ 
mains is incteased. The abundant bones of cave^carths, kitchen mid- 
denSf prehifitoric rubbish-pita or ditches t^lify to tlie accuuiuJatrd 
food-refiisc of the inhabitants and yield interesting cvideiice of their 
environment, habits or economy^ 

When a fresh bone becomes buried in the earth it imdergocs chemical 
changes, diff erin g in nature and degree with the chemistfy of the sur¬ 
rounding matrix. Save in extremely acid soil-conditions, it is the 
mineral constituents of the bone wiiich axe most resistant to change 
and, if there is rcasonabie access of atmospheric oxygen, the organic 
subsumces arc gradually and more or less rapidly broken down into 
relatively simple compounds, such as carbou dioxide, ammonifl and 
water. T^eir rcmtival fcom the pores of the bone allows free access to 
the innetmosr recesses of soil-water, bearing in solution mineral salts, 
such as iron and caldum compounds, which it may have been able to 
dissolve out of the siirtoutndiiig soil. Seasonal drying out of the soil 
and the contained bone causes these minerals to be deposited in and 
even on, the bone substance, so tha^ in a soil rich in such salts, n bone 
may gradually become completely mincializcd and concfeied, err 
TossilizedV gaining weight and hardness and becoming less porous, 
without siguificant change of form^ Tbcae couditions are provided by 
soils conouning m exi:!e55 of dmlk, limestone and iron and mangaacse 
salts. Depeuding on the exact conditions, this process of nani^ xm- 
pregaadon ox: mcrustaticn with oiincrals wiU geaerally take pkee 
rather slowly, so that a high degree of mincraHration is rnlr^n to be an 
indication of constdeiablc age, 

la a well-aerated, acid soil, ptHxr in bases, not only is the organic 
matter of a bone somewhat quickly decomposed, but even the mineral 
part will soon be attacked and the spectmen may disappear without 
tratE in a comparatively short lime. It is for these reasons that Bronze- 
Age barrows, for example; when built on chalk or other caJcaieous 
soil, are gt^rally found to cover reasonably well-preserved huriian 
buriaU, while, under those on a porous sandy soil, the grave is almost 
tavarkbly empty and even diemica] traces of phosphate from the 
bones may Ixave disappeared. 

Waterlogged condidons, by excluding oxygen from the Rtnains, 
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will favour jm eodcely differeot sti of reattioiis. in the prfiiencc of 
plcntifiil bastSp as in the oo2e on the bed of a deep lake in iimestone 
country, the bones wilJ be well preserved and hard. In certain cirtum- 
stances^ even the soft paxES of a body may be converted in a fe w years 
into a stable mass of 3 wai-likc substance called Sdipocerep' (fat-wai). 

Another case is that of the waterlogged conditions met with in lakes 
on acid rocks and in peat-bog^. Here the surroundings are cittrexncly 
poor in minenls and the soil-water is highly acid wiih dissolved pro¬ 
ducts of plant decomposition (humic acid$)« Tn these circmnstances the 
mineral components of the bone will be gradually dissolved out, as by 
add-rreatmeat in the laboratory, but the exclusion of air will prevent 
total djsintegrauon of the organic portiom This is* doubtlm, nm- 
siderahly altered^ hut some proteins, notably the keratin, of horn, 
hoof, hide and hair seem to persist rdadvely undianged for diousands 
of years in diese coDditions. The boru^ will thus be found in a soft 
and pulpy state, more or less dccaJdJkd and perlmps deformed, yet 
retaining their gcnetal shape and ptoportioos- In a complete body, 
even die external details of skin and hair may be to a large extent pre¬ 
served, as in the rase of the Iron Age man of ToUund, a bog in Den¬ 
mark, or the fatiious Stanmia (Poland) woolly rhinoceros carcasCi 

Exclusion of water, preventing chemical change, is a rare condition 
in our Western European climate. In dry countries^ as in Hgjpt, entirt 
bodies with their stoniach-contcnts still idcntiliable have been pre¬ 
served wonderfully wclJ by natural dehydration in the desert sands. 

These are all extreme imtMices. Depending on the exact snrroundijig 
conditions, all tntcrmcdiaite stages of dccaJctticatiDn, niinerali^ation and 
loss of orgame content will be encounteied- Thu*, the mammalian 
bones of the famous Great Tntergbdal site of Stvanscombe, Kent^ are 
somewhat dccaldficd and may be of a pulpy consistency when wet. 
They harden and ntay shrink coiuiiderably on drying, when they tend 
to become Uaky and extremely britde, recjuLrlng preservative treat- 
mcof before they may safdy be handled. 

One more case of special interest to archaeologists should be men- 
tiooed—that of cremated bones. As stated above, complete calcination 
of bone rcndcra it Kght and fragile, ^efore this stage is reached, the 
organic matter w'hich it coniains bccottics charred, but, still the 
pores and spaces to somi: extent, helps to hold ibc mineral constituents 
togethi^. A burnt, but incompletely calcined, bone is often still fairly 
scrongh Moreover^ once carbom^d, the organic fraction becomes ex- 
ceedingly stable and resistant to chemiczal change, so that die additional 
strcngdi conferred by charring h per man ent. 

Completely to bum out the carbon from a large bone requires that 
it be held at at least a low red heat for a considerable time in a fire with 
free access of air« The amount of fiicl and labour required completely 
to consume a fresh human body is considerable. Our ptehiscodc an* 
cestors, fortunately for ns^ were not often concerned to prolong the 
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process of cremation to complete calcination of the bones. Once the 
body was reduced to the bare bones the pyre would be allowed to die 
down and, since it was customary to inter the ashes in an um, or at 
least in a bag of some sort, the remains would be collected, perhaps 
separated by washing from charcoal and wood-ash, and broken into 
fragments small enough to be conveniently packed into the vessel or 
bag. The comminution was often done very thoroughly, so that it is 
seldom possible usefully to reconstruct anything from the re m ai n s, but 
the fact that eventual breaking up was intended made it unnecessary to 
have the bones burnt completely white, so that such fragments as can 
be recognized at all are often very perfectly preserved. Thus the con¬ 
dition of skull-sutures can often be seen cle^y, enabling an estimate to 
be made of the age of the individual. Brow-ridges, mastoids and the 
central part of the occipital squama may still be recognizable, so that a 
reasonably good guess may be made as to the sex. Any search for teeth, 
however, is almost cer tain to be somet h in g of a failure. For some 
reason, the enamel, in other circumstances the most durable part of a 
tooth, is almost invariably destroyed in a cremation, so that little 
recognizably remains of a tooth but its roots, the dentine of which is * 
more resistant. These should always be sought, however, for the con¬ 
dition of the roots, whether open or closed, will at least decide whether 
the individual was immature or adult. 

Excavation 

On dwelling-sites of the later prehistoric and historic periods, bones 
are often found in great profusion and may be fairly strong and well- 
preserved. It is, nevertheless, worth while taking a litde care in their 
excavation if they seem to be reasonably complete, avoiding unneces¬ 
sary breaks by rough handling or by levering them out of the deposit 
before they have been properly cleared. In the case of a midden or 
ditch-filling, where no bone is likely to be in any way related to its 
neighbours, no special precautions beyond these are called for. 

Anything suggesting that two or more bones are in their correct 
anatomical positions in relation to one another should be taken as a 
warning to go carefully, for an entire skeleton may be present. In such 
a case, the whole body will have to be gradually exposed without dis¬ 
placing any part, cleaned and prepared for a photograph in situ. If the 
remains are human, there may be ornaments or grave-goods. 

The normal excavator’s tool, a pointing-trowel, is used to clear 
away the deposit, the loosened earth being frequently scraped and swept 
away for dispos^ by bucket or barrow. The greatest care is ess en tial, 
even in the spaces between and around bones, to avoid damage to or 
displacement of associated objects. 

As far as possible, the bones should be undercut and stand out clearly 
from their background, props and pillars of earth being left undis¬ 
turbed to support them at strategic points. When clear, tliey must be 
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cAicfuUy deoncd. If possible, this is best done after the adhering de¬ 
posit has had time to dty^ when gentle brushing with a i inch paint¬ 
brush will remove most of it. Any resistant small masses sdll OTcfcing 
and small awkward comers can best be broken tip and cleared by 
gentle stabbing with the point of a stout mounted neollc, followed by 
fanishing. Unless it is essenikl, the use of watei should be avoided, but 
if the weather should be wet or it be impossible to shdnir the skeleton 
and get it reasonably dry before photographing, the minimum of water 
may be applied by splashing wilb the brush nr with a fine spray, 
without which it would he impossible to get the sped men at all 
deacL 

Dircetcirs of occavadons are often working against time and it Js 
distressing to them lo have to spend longer necessary on pre¬ 
paring skeletons. The body may^ moreover^ be lying on an area of 
dq>osit which it ie desired to dear* so as to expose what Ees underneath. 
Within reinson, the longer the hones can be allowed to dry out iff siiM 
the better chance is there of lifting them without breakage and LranS- 
porring them to the Ubomtory for proper treatment. 'Hte Directorj 
however, wiU probably be anxloys to have them photographed and 
temoved as soon as possible. Thus^ every effort should be madcj short 
of hasty or cureless work^ to comply with his wishes. 

Meaaurementa in the Fidd 

It may happen that a considefabk number of skeletons comes to 
light on an excavation* mcast of them in such poor condition that com¬ 
plete treatment and lifting for removal to the home base is impossiWe, 
for reasons of finance and economy in the time of the excavatorSi h 
mskf also be techmeally impracticable. 

In such a ease it is worth while to attempt the taking of at least some 
measurements of the bones m jf/w. The results will not be as reliable 
as those of a properly-equipped anthropological Iaboiator)% could the 
material be safely conveyed there, but even rough measurements would 
be preferable to none at all 

Skulls are aitvays worth lifting and treatment, if not too deformed 
by earth-piessure or so comminuted as to present insupcifable diffi¬ 
culties in mending. In these cas^, they am of little value for mcasure- 
mencs, however carefuDy lifted. 

Whatever the condition nf the skulls, k is imuaual for the main long 
bones tn be so broken or compressed that nothing of value can be 
obtained from tbem^ If it is decided nor to attempt to lift them* the 
ends should be cleared as they lie in the earth until a maxiwurff 
Jengfh am be taken with callipers. This, of counie* involves the sacrifice 
of the ameu laced ends of the adjaeeur bones, without removal of 
which k may w'ell be biposstblc to get the csdlipcra into poaitioiL 

Some strategic planning here w'lU minimise the losses* After drawing 
or photography the extremities may be deared away, which will expose 
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the necessary distal points for measurement of ulna, radius and tibia. 
The iilna may be measured forthwith, for the extreme point of the 
olecranon at its other end is free of any articulating bone. The ulna 
can then be scrapped if it lies uppermost and will not lift in one piece 
without treatment. If the radius is uppermost, it will have to be dealt 
with before removing the ulna. Its proximal end, close to the capitulum 
of the humerus, will not be reachable by the point of the callipers, but 
if the space once occupied by the articular cartilages is carefully cleared 
of earth the desired point will be visible. Its position may be marked by 
setting a thin nail (of which the head has been nipped off) or a stout 
wire, as an index, so that its end coincides with the extremity of the 
radius. If the same is done with the distal end of the bone, its overall 
length can be measured after its removal, with a steel tape or straight 
edge. If the forearm is in such a position that even this device will not 
serve, the bone must be scrapped unmeasured. 

This exposes the trochlea of the humerus. It may be possible to find 
the extreme point of the head of the humerus with the callipers with¬ 
out more ado, but it is likely that the scapula will first have to be 
removed. 

As to the tibia, the removal of the foot will allow the one leg of the 
callipers to be adjusted to the medial malleolus of the tibia, but the 
articulating femur will make it impossible to find its other extremity; 
moreover, the form of the articular surface will in most cases make it 
hard to overcome this difficulty by means of the nail or wire index. 
One answer may be to tackle the femur first. The head of the femur 
may be reached by picking away the margin of the acetabulum, if ex¬ 
posed, or, in the case of the under-limb in a skeleton lying on one side, 
by carefully opening the acetabulum from the internal surface of the os 
innominatum and picking away the surrounding bone until the calhpers 
will reach the extremity of the head. For the other end of the femur, 
the medial condyle is more easily fixed than the extreme point of the 
tibia by the nail-index. Once the femur has gone, measurement of the 
tibia presents no great difficulty. 

Directions cannot be given to cover all possible cases. There will be 
times when one or other bone will have to be sacrificed unmeasured 
in order to clear the way for a proper measurement of its neighbour, 
but every effort should be made so to plan the lifting that these losses 
are reduced to the minimum. At the same time, a few really reliable 
measurements are better than a whole page full of what amount to 
guesses within a ‘few millimetres*. 

If time permits, girth measurements, at the midpoint of the maximum 
length, are valuable. In conjunction with the over-all length of a long 
bone they permit the calculation of an ‘index of robustidty*. This is 
worth while because it not only exemplifies the general build of the 
long bones but also may point, if the index is unusually low, to chronic 
deficiencies in nutrition affecting the population concerned. Such an 
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indication is of interest as bearing on their economics and environment 
as well as to the historian of nutrition. 

Girth measurements should be taken, after undermining the meas¬ 
ured midpoint of the bone, with a strong linen (not steel) tape, of which 
the accuracy has been checked and is from time to time re-checked. 

Since the accuracy of stature-estimates depends on the number of 
bones of an individual available for measurement, as many as possible 
should be recorded, having regard to the necessity for making some 
sacrifices of individual bones in the interests of the accuracy of measure¬ 
ment of the rest. In each case it should be stated whether the bone 
belongs to right or left limb and the sex of the individual should be 
given also, where this is determinable. 

The working up of the results is properly a task for an anthropo¬ 
logist, but the onus of recording the measurements lies clearly on the 
excavators. 

In comparison with those of the main long bones other measure¬ 
ments are ummportant, at least in the field and in the circumstances 
quoted. In the case of fully-extended burials it would be worth while 
as a check to measure the approximate stature directly, even though 
differences of attitude would introduce some errors. Crown to heels, 
the erect standing height, is the proper measurement, so that the 
normally somewhat extended feet should be carefully allowed for. 
When the body is at all flexed the likely inaccuracy of any direct 
measurement is so greatly increased that Ae attempt to estimate the 
standing height in this way is valueless. 

Treatment in the Field for Preservation 

It is best to ^t the bones thoroughly dry and to lift them without 
any treatment, if they will stand it. If it is clear that some or all wUl 
disintegrate when moved, and it is desired to preserve them, they will 
have to be treated on the spot to strengthen them and the block of 
earth on which they lie* 

If well dned, a dilute plastic solution (polyvinyl acetate in toluene) 
may be sprayed or painted on and be allowed to harden before attempt¬ 
ing to lift the bones. If they are still wet, and there is no hope of getting 
them dry enough to be impregnated in this way, an emulsion of the 
plastic solution in water, using a wetting agent, will penetrate where 
the pure solution cannot. Here, also, the solvent and the added water 
must be allowed time to evaporate before the specimen is moved, and 
the drier the whole surrou n di n gs the better will be the rh a n re of suc¬ 
cess. Individual bones nuy be lifted, with any related fragments carc- 
fiilly preserved, as soon as they will stand handling and packing. Groups 
of small bones, as in hands and feet, are best lifted on an undisturbed 
block of earth if not strong enough to be taken individually. 

No^ strengthening treatment is very effective unless the solvent has 
had time to evaporate fairly completely before moving the specimen. 
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If there is no time, treatment is better omitted, or the result is sure to 
be a nasty sticky mess of bones, earth and plastic, without the gain 
or any advantage over an attempt to lift the specimen as it is, wet 
or dry. 

In the case of a really unique specimen, such as a Palaeolithic human 
skxill, it would be necessary to suspend all other operations, assemble 
expert witnesses and concentrate on extracting the find as completely 
and as skilfully as possible. This would be an expert undertaking, not 
to be contemplated by the inexperienced. 

The proper place for preparation and preservation of valuable fossil 
bones is an adequately equipped laboratory. Treatment in the field 
should be strictly confined to extracting the specimen in as complete 
a state as the conditions permit and to ensuring its arrival imder proper 
care without further damage. 

Packing and transport 

Bones from archaeological deposits are seldom as strong as the 
pottery finds. The latter are norm^y parcelled up in strong paper bags 
and packed as tightly as possible in tea-chests or other cases, when they 
travel perfectly safely if handled with reasonable care. It is not for a 
moment suggested that the frequendy large quantities of bones should 
be individually wrapped in tissue paper and cotton wool, but some 
attention should be paid to their nature and condition before treating 
them in exactly the same way as the pottery. It is not to be expected 
that bundles of human long bones and ribs, fragments of the pelvis 
and vertebrae together with the skull, still full of heavy loam, can be 
stowed in bags at the bottom of a case with a weight of other material 
above them, and arrive without fresh multiple fractures. Any major 
break will loosen the whole mass and permit shifting during transport, 
so that the lower strata may well be en miettes when unpacked. 

Even if reasonably dry and hard, ancient bones are comparatively 
brittle. Long bones should be supported all along their length, packed 
in layers on and under pads of wood-wool faced with soft paper. 
Bones of left and right limbs and extremities should, if possible, be 
packed separately. S kulls sh ould, p^crabjy, have individual boxes, 
be wra pped in paper first and be well wadded with shavings, crumpled 
paper or other packing. Sawdust is, at al l costs^to be avoided. It be¬ 
comes compressed with joIfinglLnffsifts between the objects, which arc 
certain to work loose and be injured. 

Vert ebrae^ witii their irregular shape and often long spines and other 
proc^j^es, will certainly suffer if lumped together in a bag. They will, 
in fact, occupy less space laid out in layers between pads. 

\^^cvcr wood-wool, cotton wool or other fibrous packing is used, 
especially if the bones have been hardened with plastic before lifting, 
they must first be wrapped in paper. Failure to do this may present a 
difficult and unnecessary problem to the preparator in the form of a 
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skull, for osimpk, ‘tarred and featheicd^ with polyvtGyl aceute and 
cotton lints! 

While the method of packing in bags skaplifies labelling and mates 
less likely the confusion of finds from difTcicnt kycM and ttenchea, die 
layet method tequkes moie cate in packing and unpacking if mistakes 
oie to be avoided. Hach layer mu£t be unpacked compietely into a 
tray with iis hbek before another is cxposecL The better condition of 
the remains makes this cstia trouble well worth while. 

Large and heavy bones, such as pieces o^^sil tusk and other re¬ 
mains of large animals, travel sau^cEQ^y lying on a bed ot crumpled 
newspaper in open trays or boxes on the hack scat of a car. If such a 
consignment 1 ms to go by rail, however, it will need very careful pack¬ 
ing and tight wedging into a case with wood-wool. For export or 
import, expen packing in double cases is essential. 

Small and delicate specimens, on the otticf hand, are easily ttans- 
poned. The very small, e.g., rodent teeth or shells, are best pack^ la 
corked gkss cubes properly Labelled. The tube nmy be padded at the 
bottom and tinder the cork with a pledget of cotton-wool wrapped in 
tissue paper* Two-ounce flat cobacco tins are excellent for larger teeth, 
etc. Tissue paper makes the best packings The cootainc^^hould ndtbcr 
be overcrowded nor too loosely filled* Any vacant space must be filled 
with soft padding of some sort. Cylindrl^ or square deep tins are less 
convenient than flat boxes, hut will serve at need. Cardboard boxes are 
generally useless by themselves, but small corrugated cartons individu¬ 
ally packed witli cate arc adequate if not cnished in transit* 

The tea-chest is the container of choice for any quantity of bone 
finds. It is itself light, very rigid and not asily dented or stove in* 
The contetiLs, however packed, if protected from crushing and friction 
during transport, will travel in perfect safety from the site to the 
laboratory. 

Archaeologists should need no urging as to the importance of ade- 
quatc marking and labcUiog of boues, as of other finds. Labels for 
individual specimens, boxes and packed layers could usefully be supple^ 
mented, in a varied coUcction, by a packing-ljsc in the cop of the case, 
especially where the recipient 15 not the excavator hinisclf or one of his 
staff, with personal knowledge of the material and the dreumstances 
of its discovery, 

Cleaningt strengthening, mending and reconstruction 

Few bony remains are so wcdl prcBcrvcd that they will stand much 
handling or can be put on cxhibitiori without further trcatmciit. 

In the ca^c of domcsdc animal bones fmm larcr sites, where tt is 
desired only to list the spcdca ruptesented and to report on their 
relative fr^ucncy and importance in the human ecimomy, the material 
will certainly, for the gteatcr part, be discarded once the report is 
written, so that no special care is needed in its tzeatment unless any 
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plcct^ seem to have partlcukr interest. Some few perfect, or almost 
petfeetj ^pccimen^ xray be retained a£ compatadvc matedal fur futitre 
Studies and any uncommon itemE^ even though very fragmentary, may 
be riL-^uinid for exlubiLion. Whole skeletons are always worth pre¬ 
serving, so that the bodily prupurtauns of an cndrc individual may be 
not only recorded at the time but remain available for fresh studies in 
the future* 

In these latter cases something more is required than mcrcjupcrfidaJ 
cleaning to permit recognidon and determination^ v^uch is'enough 
‘for those pieces to be discarded. If the material is strong enough to 
stand it, such cleaning may mke the form of careful brushing with^ 
not too hard brush and quick tinskig in a basin or undc^ running 
Soaking should be avoided anX as much moisture as possible 
should be drained and shaken off each specimen at once. Dryin g ought 
to be slowj to avoid warpin g a nd spl itti ng—- exposure in trays to foe 
out5ide_i^ in a sha dy pl ace is perlkapg Dirert heat or sunsliinc may 

cause too rapid and unequal drying* 

Many bones> particularly the more decatcihed, and especially Pleist¬ 
ocene fossils, will not stand wet trearment at alL If mudd y, tl iey should 
be allowed to dr^^ slowdy and evenly and foe adhering matrix be needled 
and brushed off when it Has shrunk and become brittle* ^fhe bones 
generally harden considerably on dr}^ing and become more fit to handle. 
Hven 50, a I^rgc specimen should be moved and hindled as iitrle as 
possible, and focn only with great care by several pairs of hands to- 
gctlicr, to ensure support at all ntcessorj' points lest they brak under 
their own ‘weight* If the material is at all soft and ^cheesy^ when moist, 
foe increased hardness acquired on di^fng is deceptive and is usually 
accompanied by brittleness and ""short^ fracture* Some mudi-dt-caldficd 
specimens may shrink, crack and flake away at the surface, howevee 
carefully and slowdy they arc dried* In this case impregnation while 
still wet must be undertaken- The shrinkage is due to partial loss of the 
mineral lattice of foe bone which aHow^ the organic residue to contract 
on drying. The introductioii of a hardening agent into the pores before 
complete drying replaces thi^ sttAming to some extent- 

A suitable piastk solution, emulsified with water by means of a 
whetting agent, is used. A ready-oiade preparation, among nthers, of 
this kind h sold under the name ^inamul*. It is of a thick creamy con- 
sistency and may be chioaed with water* Aj^lyvinyi acetate soLudqn 
fo_toluei!ie may be temporarily emubkihed ty the operator himself, by 
the addition of tsTitcr with a wetting agent and vigorous sbakiog, but 
this tends to separate on standing and is infetioE to the mechanically 
dispersed product. The latter comiscs of exceedingly minute globules 
of plastic solution dispersed in water and therefore penetrates foe very 
fine canals of foe bone more readily. 

ImpregnatiGn may be achieved to some extent by painting with the 
emulsion and allowing it to percolate by gravity and capilkiity, or by 
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simple inimersiocL By fax the most effective way is to imiflcrse the 
specimen completely in the emulsion and to enclose the containing 
vessel in a space wMcb can be partially cvacLiatcd. By this tneans air 
is drawn out of the potes, escapes as bubbles and is replaced hy the 
cmiilsion on restoring the normal air-pressure. Save oq a very modest 
scale (when it can be done in a large vacunro desiccator, in which the 
pressure is reduced by a laboratory water tiltci-pump attached to a 
running tap) this requires special heavy apparatus and a power-tkiven 
vacuum-pump- The principle is exactly the same, but a tank to con¬ 
tain shsable bones is costly both iA money and space. 

Dry bones are easily impieguated widi phin polyvinyl acetate dis¬ 
solved in toluene in the same ways a$ with tiie wet emulsion^ While the 
vacuum treatment is speedier and more complete, simple immersion for 
some time h reasonably effective in the case of folly dry material. 

Whether wet or dr>% the impregnated bonca must next be allowed to 
drain in an atmosphere saturated with the vapouT of the plastic-solvent. 
This generally mcanB the enclosed space above the surface of the 
solution in the impiegoatbg-tank. As the solution is fairly viscous and 
the e?:ccsB takes some time to drain from the surface of the specimen^ 
it most not be suspended in die open ak* If the solvciit is allowed to 
cvapoiate before the sped men is completely drained, the solidifring 
plastic may form unsightly drops and blobs, or at least present an un¬ 
naturally and uDevenly glared and varnished appearance. When well 
drained in an atimisphcrc of the solvent and afterwards dried, the 
impregnated bone shows htde supertidal evidence of the treatment or 
even change of colour—only greatly increased mechanical strength. 

Drying out ajfter impregnation should be slow and complete. Though 
s hrinking and Hakktg la Wgely prevented by the presence of the pbstic 
in the pores, the strength of a bone is scarcely improved at all until 
the solvent has evaporated, allowing it to harden. Impregnation pro¬ 
cedures are nowadays almost routine treatment for fragile fossilSi and 
fragments of all sixes, before reassembly or mending is attempted. 

If properly and consdenUously collected, the main portion of any 
fossil will be accompanied by as many detached fragments as could be 
recovered—even some very small ones. These should be carcfuily 
cleaned, dried and impregnated in the same way a^^ the main portion- 

jlendin g bone^ like mending pots, is a matter of patience, practice 
and skillj plus anatomical knowledge—about in that order of impor¬ 
tance—but in an even higher degree. Patience is by fax the largest factor 
in the successful reassembly of much-broken remains. A single job may 
take weeks or months before tlie operator can satisfy' himself that no 
more can be dune to it. Of ctmm:, it is a question, in every case, to what 
extent the result is likely to be worthy of die thne and trouble certain 
tt) be spent on a major rcconstructiorL This decision will rest rather 
with the excavator and the mu^um or institution w'hich is to luivc the 
specimen than with the student of bones or the prepantor, Spacc^ 
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both fciT museum- and tcadung-coUcctions, being geoctally limited, 
eshaostjvc mending, mid lec oflatf uction of miBsini; pan s ’wiil onl^ bc 
^ttempt^ vhea the gpecirn cm Is raie of eTCO_,uiiuguefci>rJ^^ it 
liappens to fill s gap in the paiticuLir collection. One does not spend 
tlftys reconstructing the commonplace when a perfect specutten may 
easily be available a week or a year hencCd On the other hand, some 
repair is often necessary before the material can be most fully studied. 
This is especially the case with human sktUls, which may, when mended, 
show andemt frac tures indicating the imnicdiate cause of the violent 
death of the individual. Such evidence is often uorecogimahle, or at 
least not easily noted, when there is only a mass of fragmenta to ex¬ 
amine- Moteovet, anthropological studies ate largely based on coeasure* 
ments, so that a skull in any way crushed oi d^ormed by earth-pits- 
sure is useless uadi it can be testoted CO a dose approadmadon CO its 
original dimensions and pcopionioiis. 

Rebuilding skulls and shattered bones from many small piecM, even 
when most of diem are known to be present, requires some aansideiabk 
acquaintance with the detailed anatomy of the species concerned. Sheer 
persistence alone will do much to find the j oins, hut a great deal of time 
will be saved if the approximate Inoidon and attitude of a ftagtnent 
ran be lecognized at an early stage. Even so, the operation calls for a 
high order of padence, and if there should be a large part missing alto¬ 
gether the difficulty and uacerminties are much increased. 

As the joins ore recognized the pieces may be reunited as accurately 
as possible. The best adhesive for dry bones has been found to be 
celluloid dissolved in acetone (1/3) a^ amyl acetate {1/5). If, as is 
often the case, the fragments have first been strengthened with poly¬ 
vinyl acetate, ffiese solvents ‘bite' into the impregnation and enable die 
dry joint to adhere very strongly. The adhesive should be used sparh^Iy 
and the uni ting surfaces very carefully fitted. When joined, the united 
fragments arc srood in an attitude of bakmcc in a sand-bath until the 
adhesive has set. Only if the shape of the fragments absolutely de¬ 
mands it should more than two be stuck together at one time. Correct 
balance udiile hardening is very' hard to find for two pieces simul- 
taneously, so that errors are more likely to occur than in a well-bal¬ 
anced single joint. Impatience in this matter ni=irly always leads to 
disaster, or at least to a setback and time wasted in the long run. Kever 
was the advice to hasten slowly more appropriate than here^or harder 
to Follow! Mending errors are in any case hardly to be avoided; with 
undue haste they are certain, and sure to be greater than need be. Any 
etiors are cumulative, $0 diat it is the final joining of the main rebuilt 
pieces which is the mosr difficult rask of all- 

If a skull is in many fragments this accumulated error may amount 
to a cenrimetre or more to be adjusted, before the fin a l joint to make a 
presentable whole is possible. Such adjustment requires the softening 
of some joints already made, if not their cximplete dismantling. Solvent 
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may be painted on the joint to be softened, or, in the thicker parts, a 
rag moistened with the solvent be laid on the joint. Judicious mani- 
pi^don when the adhesive softens sufficiently, having regard to the 
strength of the fragments, may suffice to correct the greater part of the 
error. Where several joints are involved, it may be necessary to correct 
them successively, since simultaneous softening of too large an area 
of the work may endanger the whole. 

Detection of mending-errors and the estimation of the amount of 
the necessary correction is a matter of skill and practice, joined to an 
eye for form and symmetry. 

In the mended specimen, there will almost inevitably be some missing 
fragments and areas so comminuted by accident or decay that their 
rebuilding from the existing ‘crumbs* would not repay the time and 
trouble necessary. If the specimen is required for exhibition or for 
teaching, it may be desired to reconstruct the missing parts. Indeed, if 
the gaps are many, considerations of mere strengthening may dictate 
the filling in of at least some of them with plaster, gesso, wax or other 
new material. 

Plaster by itself tends to be too britde, especially if the reconstructed 
areas are at all extensive or if the finished object is to be handled, as 
in teaching. Gesso is a plaster mixture made with glue instead of plain 
water and is much stronger and tougher than plain plaster. Both of 
these media, however, have the disadvantage that they are rigid when 
set and cannot be re-softened as the reconstruction proceeds to allow 
for adjustments. The only remedy for any error is to hack out the offend¬ 
ing part with saw and rasp and to rebuild it. As the plaster is likely to 
be h^der than the bone, this is a proceeding to be avoided if possible. 
Small gaps, where the reconstruction is not in doubt, may be plastered 
with confidence. 

Plasticene retaining walls should be erected and the fairly liquid 
plaster poured into the cavity thus formed. The surface may be roughly 
modelled while wet. There should always be a slight excess of plaster 
poured. When set, the reconstructed part is worked down with rasps 
and rifflers to the proper form and finished with sand-paper. Once per¬ 
fectly dry, the plaster may be impregnated with plastic to give added 
strength. 

In any more elaborate task of rebuilding, where there may have to 
be some readjustment of the original fragments as the work proceeds, 
a compound with a wax base* is preferable to plaster in any form. 

♦Formula for wax/chalk compound: 

Hard paraffin (M.P. 6o® C) 75% by weight 
Bccs^^ax 25% by weight 

Precipitated chalk 2-4 02, per lb. of wax. 

Powder colour as required 

Melt the waxes over boiling water in a double saucepan, mix well and stir 
in the chalk and colour to the desired consistency. 
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The wax is melted and applied with spoon and brush, being gradually 
built up to the desired bulk. Modelling and smoothing is done by re¬ 
melting the compound locally with a small gas flame and working it 
with warmed steel tools. If any part has to be taken down for alteration 
this is easily done by applying the flame and by scraping away the 
unwanted tnat^rial. The flexibility of the method is its great advantage, 
but the resultant reconstruction is probably not as strong as if it had 
been carried out in plaster. Neither plaster nor wax has much tensile 
strength, so that, where large gaps have to be filled in, for example 
in the middle of the shaft of a long bone, an armature of iron or zinc 
tod, bar or wire, preferably of square or other angular section, should 
be built in to tei^orce and support the filling material. The ends of 
the armature, in the above example, would be firmly grouted into'the 
marrow cavities of the original fragments with the filling compoimd 
and the reconstructed part afterwards built up round it. 


^Stiination of Ag^T^Sex Sl Stature from Bones 


It WAS AU^Dr been indicated thac the progrew of ossification of the 
^ncs and the of caJdficatiaii^ etuptian and ^cac of the teeth 

may be used to cscuEatc the age of an indJTidual of a species in which 
the^ procersscs have been Sulfidcjidy Studied^ i 

It is scarcely incumbent on the archaeologist to study the bone 
maLccial siatisticoUy and exhaostively for its own sake, This is properly 
the province caf the s^oologiat or anthrtipologistj but k is not OUC of 
place for the archaeologies student of bones to be able to form an 
opinion on the site as to the composition of die animal and human 
popuhuon, in respeer of age^ bctt and sesnur^^attcra of stdedy 
archaeological, economic and historical weight may hong on such 
conclusions. 

If a group of human skeletons should be teveoled by the escav-atots, 
it becomes at Once important to know whether they represent war- 
comalricg;, a family or tribal group snicken all at once by plague^ famine 
or massacre, or the occupants of peaceful graves in a cemetery used 
over a long period of dme by the community concerned- The stiad^ 
graphy may show unmistakable evidence of comempocancous in- 
terment of the whole groap. One of the first two possibilities would 
then appear to offer the simplest cxplanadoo: the re main s themselves 
wiU indicfltc which. Warriors slain in battle will consist overwhelm¬ 
ingly of mcTLi and men largely in the prime of youth and vigour^ while 
a plague would Bpare neither youth nor age and make no distinctions of 
seXf A massacred popuiatiaa might include only men and boys, while 
the women and young girls were carded off 05 the prices or alavta of 
the victors. The Hiad and Odyssey yield eloquent evidence of this 
custom in Bromec-Age Troy. The nature of any bone-injuries observed 
may iadicatc whether resistance was offered by the vicdtns or whether 
they suflfcrcd a violent death passively. A cemetery, on the other bond* 
would be expected to yield rather the remains of those dying from 
natural causes—predominantly rhe very young and the elderly of both 
sexes, with a confiporativc dearth both of men and women in later 
youth and middle life. 

As to the animals, the roncluaions to be drawn from the bones are, 
perhaps, less striking. Many of the regular food animab will be young, 
for then^ as now, tender joints would be preferred to tough. Any 
species* such as the hontc, kept mainly for transport ur draft, or for 
sport and protection, like the dog, might, therefore, be trpe^td to 
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show gieater maturity than thost, such as the sheep 01 pig, ttaxtd 
solely or mainly for food. 

Hunted meat, aUc), would, both by chance and design, tend to be, 
on the whole, of younger and less eiperienced individuals, the leaders 
of the herds being both more wary and dangerous and less fitted for 
food. Nevertheless, the sporting instincts of the hunter and his disire 
for trophies, as well as the need for strong industrial materials, might 
encourage occasional sekedon of the noblest stag, the fiercest bull 
or the heaviest tusker, despite the gastronomic inferiority of such 
ouairy. He is no true l^cnnan who can sneer nr a 'walloper", on the 
ground that a creelful of haif-poundere irakes better eating—unless it 
is the other fellow who Has landed the ‘big un’. 

As in ocher matters, it will be fi>und that the develoi^cntal aspect 
of osteology and dentition is far better understood in relation to 
hupttanity than is the case in the tower mammals. Indeed, apart from 
the domestic animals, the literature on the subjea is very scanty and, 
even for these, the readily available information falls fer short, in 

detail, of what is known about man. 

It theieforc, with man thAt wc tnust begin md, if the acti^ oAld. 
applicable to man will not serve for any other species, the principles 
letnain the same for all mammals. 

Age Determination in Man 

lofotmation from the bones as to the age of a human individual is 
10 be aaiiicd from tluec main stiurces: ^ 

degree of ossification and bony fusion of the bones of the 

skalj^^pedally those of the vault. 
t-f^Thc state of cruprion and wear of the teeth. 

state of ossification to the various epiphyses of the long bones. 

* Of these, the last process is completed with the attainment of full 
stature and, therefore, yields no evidence much beyond the age of 
20 years. The others show characteristic changes to an advanced stage 
of maturity and even into old age. 

A. CHANGES IN THE 
HLIIAN SELT.E WITH increasing ACE 

(i) BEi-tFRE BIRTH. Somc boncs, Still maintaining their inde^dent 
identity in adult lower mammal^ but normally synostosed with their 
neighbours in byntui adults, originate ta niwi ftom distinct 
centres of ossification, and may remain separate in youth. 

The bones are pte-formed in membrane. Their ossificatiofl begins at 
one or mote centres for each bone and proceeds until, at * stage, 
adjacent bones meet at their sucutes. An tnconiplntcly ossified cranw 
bone has a thin, irregular ‘fcathcr-edge’ and a characreriaticaUy spicular 
or crystalline appearance, where the mineral salts are in the process of 
deposition. 
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Frontal. Begins to ossify at the end of the second intra-uterine month 
from two centres above the supra-orbital margins. In the foetus the 
two halves do not meet, 

Varietals. Ossified radially from centres near the parietal eminences. 
In the full-term foetus they do not meet in the mid-line. 

Occipital. Four parts unite to form the occipital squama (= supra- 
occipital) early in intra-uterine life. This remains separate, until much 
later, from a pair of condylar parts (= exoccipitals) and a basilar part 
immediately in front of the foramen magnum (= basi-ocdpital). 
Temporals. These are also represented by the homologues of the primi¬ 
tively separate squamosal, tympanic and periotic bones, the last com¬ 
prising the petrous and mastoid parts in man. In the foetus the tympanic 
ring is still separate from the temporal squama. 

Sp^noid. The pre-natal ossification is very complex, since the h uman 
sphenoid comprises four primitively distinct bones, of which the 
ossification is not simple. 

Ethmoid. Mostly cartilaginous in the foetus. 

Nasals. Ossification begins in the third intra-uterine month. 

Maxilla. Ossifies from two centres on each side (= ma-rillo q. pre- 
maxilla) which unite in the third intra-uterine month. The inter¬ 
maxillary sumre, separating the two halves, may persist into middle life. 
Ma^x. Each ossified from a single centre, beginning towards the end 
of the second intra-uterine month. 

Mandible. Very incompletely ossified. 

(ii) AT BIRTH. 'Die base of the skull and the fiicial parts are very small in 
compamon with the vault. Many of the .bones are still incompletely 
o^ed and have not everywhere made contact with adjacent bones. 
This IS Ae case, m particular, with the angles of the bones of the 
^ult, which are most remote from the primary centres of ossification, 
^ese cCTtrcs arc situated neat the thickest parts of the completed 
bones—Ac two frontal eminences, Ae two parietal eminences and Ae 
cMtte of Ae ocapital squama, so that in vertical view, Ac outline of 

Ac infiuit ^um is markedly pentagonal. The greatest brcadA is at 
tne panctal cmmences. 

At the s^ untwsified angles of Ae bones Acre are considerable 

gaps, closed only by membrane, known as fontanelles. These are 6 in 
number: 

I. Anterior (at Ae bregma) 
x. Posterior (at Ae lambda) 

4.1 (in the two pterion regions) 

g I Postcro-lateral (in Ae regions of Ae two astetia) 


/ti, vuiy HU uitumpiete external angular process. 
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Varietals, Just meet their neighbours, save in the aforementioned 
fontanelles. 

Occipital, The squamous, two condylar and basilar parts arc still separate 
but in joint-contact. 

Temporals. The tympanic ring and squama arc normally just united, 
but the circumference of the ring is incomplete, leaving a foramen 
in the floor of the auditory meatus. 

Sphemid, In three parts: one, central, consisting of the body and lesser 
wings (= basisphcnoid -f presphenoid -f orbitosphcnoids) and two 
lateral, each comprising a greater wing and a pterygoid process (=ali- 
sphenoid -f- pterygoid). The greater wings arc not completely ossified 
in the antero-lateral fontanelles. 

Maxillae, In close contact with the malars and meeting, but not united, 
in the inter-maxillary suture. There is no contact yet between the 
frontal processes of the maxillae and the frontal bone, the whole 
region of the root of the nose being still cartilaginous. 

Malars, Closely joined to, but not ossified with the maxillae, their 
temporal processes meeting the zygomatic processes of the temporals 
to complete the arch, but their frontal processes still incompletely 
ossified, showing a considerable gap between these and the equally 
incomplete external angular processes of the frontals. 

Mandible, The body, or horizontal ramus, is a mere shell, with incom¬ 
pletely partitioned alveoli. The germs of the deciduous teeth may be 
found. The angle between body and ascending ramus is about 175®, 
the condyle nearly in line with the body. The two halves are sdll 
separate at the symphyseal suture. 

(iii) IN INFANCY AND CHILDHOOD. The fontanelles close and fill out as 
the bones thicken along their sutures, giving the cranium a more 
rounded contour. The posterior and antero-lateral fontanelles arc 
obliterated between two and three months from birth, the postero¬ 
lateral at the end of the first year and the anterior towards the middle 
of the second year. 

Frontal. Union of the two halves begins in the second year and the 
mctopic suture is generally obliterated, save in its lowest part, near the 
glabella, by the eighth year. In a small percentage of individuals a 
metopic suture persists into middle age and runs in families. 

Parietals. No important change takes place after the closing of the 
fontanelles, save for normal growth and filling out in thickness, until 
the beginning of the obliteration of the sutures in adulthood. 

Occipital, The squama unites with the two condylar parts in the fourth 
year. The basilar part is united to the rest in the sixth year. 

Temporals, The petromastoid part unites with the squamous during the 
fiirst year and the mastoid processes appear towards the end of the 
second year. The foramen in the floor of the auditory meatus normally 
persists until the fifth year, but is permanent in a smaU number of cases. 
Sphenoid. The three parts (see above) unite during the first year. 
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EfAmid, The perpendicular plate (^ cne5cttinioid) and msM ossify 
in the hist ycai and join the superior coochae caily In the second ycai. 
MamStfi. The two halves unite at the symphyiis durijig the fit^t yoir^ 
save for a small part near the alveoki border. Gro^ takes place 
mainly by the addition of bone on the posterior border of the asccading 



^sphenoid 

5 doPA^ 


frontal bam 


Sfoafoous 


fempotd! bom 
(Sqi^ata) 


Ririetaftm 


Lambda 


^Q* /\ja‘4a 


Occipifaf ime part 

Astarfoa 


Fia n- phn of vault of skull and ages at which suturu are 

obliticnted (After V* Vallois)* For more exact d^tipdont 
sutures arc iub-divided into regiorts. Thus O the most 

Eoedial region of the coronal* S* the most postetior of the sagittat 


ramus and by ibsorpticin on its ancedot botder. The angle between 
the hoHzondil and ascending rami thus doses, becoming about 140® by 
the fourth year. 

(iv) IN ADOLESf^KCE AND YotfTH. ChflogTs in the skuli are naakily mat- 
tcra of growth and proportion. Narrower age dctcnnination during 
this period rests more on the evidoicc from the teeth and long bones, 

(v) IN ADULTHOOD. With the attairuiienc of the full skuH^iknensioiia 
and propottiotis few farthec changes take place. Age determination 
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from skulb of age zo yeais and upwards depetids sdmoBt entircly^ on 
the progress of obliteration of the cranial sumrea^ which, fortunafely 
for our pucpose, is a somewhat protracted process and docs not cake 
place simultaiieously in aU regions. 

Synostosis between bones at the cranial sutures begins at the inner 
table and proceeds outwards. The course of the suture is thus clearly 
to be seen cnrtcmally even when all trace has disappeared an the inner 
table after the bones are effccdvely and rigidly fused for (he greater 
part of their thickness. 

The accompanying diagrarn (Fig» j j), redrawn and adapted from a 
publication of Valloisj is more doquent and more useful for rcfcicnce 
than pages of verbal dcscnptiaiL With its aid^ the age between zo and 
fO of a given individual may be estimated within ten years, more or 
less. There are, of course^ individual variations, so that even such an 
estimate may be wide of the mark in particular cases* diough, on an 
average, over many tadividuals. It will not be very fiir 

The cartilaginous joint between the basilar part of the ocopiial and 
the sphenoid h obliterated by synostosis before the age of The 
angle between the rami of the mandible varies, tn adults* between 
no® and iio°- 

(vl) IN MATURITV AND OLD ACE. jVftcr the main sumrea have been 
obliteiated, sknll-changcs arc degenetauve in nature. The bones 1k- 
comc thinner and ijghter4 Loss of teeth may cause the complete dis¬ 
appearance of their alveoli and resorption cif the alveolar parts both of 
maxilla and mandible. The mandible, in pacricubr* undergoes regm- 
sional changes, the angle between asccncjing ramus and body opening 
out again to 140'' as in the child^ widi iiarrowing of the ascending ^us. 

These features are Jess reliable than the foregoing in sugges^g 3^ 
absolute age, but they arc general indications of senility, of use in sup¬ 
port of evidence from the degree of wear of the teeth- 

B, ACE ORT^EMiKATION Tft 
man from the state of the DENTmoN 

In comparison with the lower mamm als, man has a protracted 
period of immaturity. This is exemplified by the &a that he may live 
for a quarter of a centuiy before developing his fuU dcnotion mm- 
pleted in the dog* for example, soon after the age of 6 months. While 
most individuals have cut their third molars by age io* in some these 
teeth may never erupt at all* 

The usual dates of eruption and replacement of the ^ceth in modem 
Eurtjpcans are shown diagrammaticfllly in Fig. s< 5 . This mode of 
representation ha* been chosen bccauae the diagram may be used 
dii«tly to determine approximate age from the state of developing of 
the dentition. If a straight ^ge is aliped verrically on the particular 
combination of teeth found in an individual of unknown a leason- 

* But see GeiiOV^4 fle Mcssmachcr 
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Fig 56. Homo sapiens^ average dates of eruption and replacement of teeth. 
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ably good estimate, between birth and adulthood, can be read oflF the 
scale at the foot of the diagram. 

There are fairly wide individual variations in the dates of eruption 
and replacement of teeth, so that the error in a particular case may be 
considerable. The possible extent of such error is indicated by dotted 
lines. The successional order of these dental events, however, is fairly 
constant and reliable. 

Upper teeth generally follow the lead of the corresponding lower 
teeth, after a short interval. 

Once the full adult dentition has come into use, the only guide to 
the age of its possessor is the degree of wear which the teeth have 
sustained. A fiwt molar deeply worn, a second much worn but a third 
scarcely worn, in the same jaw, suggest a probable age in the early 20’s. 

The feature of wear in teeth has no absolute value in the archaeo¬ 
logical context, for envirorunental factors, such as the nature of the diet 
and the ways in which the food was prepared, must be taken into con¬ 
sideration. Early-Iron-Age Britons, for instance, habitually ground 
grain on sandstone querns. Their molars may have been worn literally 
to the gums by the time they were 30 years old, through the chewing of 
siliceous grit from the quern in their meal. Modem civilized peoples, 
with a diet largely well cooked, soft and free from dirt and foreign 
bodies, may retain little-wom teeth to a good old age, if any escape the 
ravages of decay. 

Within any population from a single environment, in which the state 
of tooth-wear at different ages is known from other evidence—the 
degree of obliteration of the skull-sutures, for instance—the age of an 
individual represented only by teeth can well be estimated by com¬ 
parison of the degree of wear which they show. It would be extremely 
hazardous to extend the comparison to a different group of men, with¬ 
out other evidence of similarity of environment and habits. 

C. AGE DETERMINATION FROM THE STATE OF OSSIFICATION 
OF THE EPIPHYSES OF THE LONG BONES AND OF SOME OTHER 
PARTS OF THE SKELETON 

Most of the epiphyses of the long bones in man have begun to 
ossify before the age of 5 years. Those of the knee-joint, in particular, 
begin at, or even before, birth. The dates of their final fusion with the 
shifts of the bones are useful, because they sub-divide to some extent 
the pause in development of the dentition between the eruption of the 
second molar at about age 12 and that of the third, generally about 20. 

The approximate dates are indicated diagrammatically in Fig. 57. 

Some other useful indications of age in bones are given below. They 
are by no means exhaustive. 

\A/^trtebrae. At birth they consist of three separate parts: the centrum and 
the two halves of the neural arch. The latter are umted in the midline 
between the first and third years, beginning in the lumbar region and 
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o 5 10 15 20 25 



Fig 57. Homo sapiens^ dates of synostosis of epiphyses with the shafts of 
the main long bones. 
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proceeding upwards. The centra uiiite with the arches from the third 
to the sistih ycatSi frorq the cerrical region downwards. The epiphyses 
for the centra appear about the sixteenth year and fuse at about age z j. 






















































































ZlZ BOKES 'POR the: AHCHAilOtOGIST 

S/irmm% Stmicbrac 4 md j unite soon after pubcityj 2^ j and 4 be- 
tween puberty and age ij. The manubrium (— stemebra 1) unites, 
if at alij only in old age. The idphold proce$$ osaific^ at about age 40, 
Rtbs^ Secondary centres of ossification for bead and tubercle i^ppcar at 
16-zo years and unite about age aj. 

‘fhe coracoid process^ independendy ossified, is united about 
the hftcenth year* The extremity' of the acrtimian begins to ossify about 
the seventeenth year. Ossification of the bone k completed at about 
age ly 

Oj The triradiatt ca.rdlagc5 in the aoetabuJnm begin to ossify' 
about the twelfth year, lliunij ischium and pubis fijse completely about 
puberty. 

Ex/rrm^tf, The heads of the metacarpak, mcfntar^s and phaUnges 
fuse with their shafts between the seven teentb and twentieth years. 

Age Determination in Domestic Animals 

A much smaller amount of information than that available for man 
can be found to help in detcrminijig the age of animals from bone 
remains. A great deal of work has still to be done in this fidd. 

The average dates of eruption and replacement of the teeth in the 
common domestic animals are sunumrked in Pig* jS. 

For the long bones, the tablta opposite give the approximate dates 
of fusion of che epiphyses with the shafts. The figures represent the 
age of the animal in years, where not otherwise stated. 

Sex Detemiinatjon in Man 

*^c whole skeleton, in human beings, is ajfccted by the sex of the 
individual. The dilfcrenccs between the sexes are, for the most part, 
diffuse and only of degree, so that there arc few qualitative features 
the individual presence or absence of whidi may be taken as a guide to 
sexiog. 

'' MalcSp owing to their gtxtcrally larger bodily dimeiislons and greater 
muscularity, tend to have longer, stouter, heavier and more rugged 
bones, larger and thicker skulls. Female skeletons are, on the vrhole, 
of smaller, lighter, more gracUe build, with less distinctly developed 
muscular impressions* Nevertheless, there are infinite intergradationSt 
so that, while the sex may be determined from these considcratioos with 
reasonable ^sc and certainty in the more extreme cases, there will 
be many instances where the general appearance is not distbetive and 
only cl(^e examination of several separate features and balancing of 
thdf evidence will lead to a probably cortcct determinatioo. 

Osteometric (bonc-racasuiing) methods are heic excluded. The 
sex-ratjej in a fairly numerous population may be detertnined by 
statistical methods, based on measurements of the long bones of the 
vanous individuals* The rtdarivc proportions of the limb bones differ, 
on the average, between the sexes. Such methods properly belong to 
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tht piorince of thfi pliysicil Anthropologist ind lie outside the sco[k of 
most afChseologutSf who are seldom also competent at&dsticiAns< 
'rhe present writer hastens to align himself with that majotityl 

Three parts of the skeleton especUUy lend themselves to quaUtativc 
sexing. In order of importance, they are: the pelvis, the skuU and the 
thorax. 
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Pre-auncular^ukm 




Fig jp. (4) female Aod pj) male humaa pelves^ »i(h dJagntnu iUustiating 
thdf si m i bti dea to a short section df a long cone and a long 
section of a short cone, r«pectiv^y (p. aja) (re-dtawn from 
Gmf$ Wmiornf). 


phlvts* Since the function of child-beacmg- h peculiar to women 
and since the faefns has to pass through the opening of the pelvis 
during parturition* it i$ not surprising among all the bones^ the 
pelvis shows the most dktinedve atx-fcatures. 

The tj'pical female pelvis diSers chaxacteiisticallj^ in form from 
that of a typical male ^ig. f p)* As with other parts of the skdeton* 
however, tl^rc are cases in which the pelvis as a whole is not dfc* 
dnedve. 
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One qualitative fcahite, alone, atands out as n very constant indi¬ 
cation of female sex—the presence of a prtattrietdi^ stdita (Fig- jja)- 
Tlus is a rougheaed gioove, lying above and in ftont of the audcular 
ami on the iUuni, at wbidi it meets the sacrum in the sacio-iliac joint. 
The joint is maintained, in both sexes, by strong, short Ugsments be¬ 
tween the bones, but owing to the greater forward iaclination of the 
female sacrum a nd the less obtuse posterior angle which tt forms with 
the lumbar part of the vertebral column* the lower hbtes of the anterior 
sacro-iJiac Hgtunent ate more strongly developed in the fenjfllc, to 
make them equal to the task of bearing up the weight of the trunk 
imposed at this angle. The attachment of these very strong ligamentous 
fibres marks the female ilium with a more or less deep, rough groove 
along the anterior margin of the audcular area. This is the best single 
indicadon of female sex. 

For the rest, the features of the female pelvis as compared with the 


male are as 

follows! 

YYMhX^. 

XlALE 

a wAek 

Felvis more gridlc and 
less rugged. Relatively 
more expanded laterally 
and anteriorly. 

More heavily builc^ with 
steoag muscuUe impres- 
sioas- Ilia less expanded. 
Pelvis TwiTOwing to the 
pubic symphpb- 

Inin 

More nearly circular. 

Inlet heart-shaped. 

Ouikt 

Less obstructed by the 
hinder part of the sacrum 
and the ischial spines. 

Narrowed by the long 
sacrum and inwardly^ 
projecting spine?. 

Sacrum 

Shorter and wider, the 
auricular area covering 
only the vertebrae S.t 
and S.a. Somewhat tilted 
forwards, making the 
angle with the lumbat 
vertebtac more acute. 

Longet and narrower, 
the auxiculiir area ck- 
tending fijJly over S*3 

Sjmp^cis 

pubii 

Depth small. 

Depth greater. 

Sriclic 

Wider and shallower, 

Notches deeper and nar¬ 

Hokbes 

with ischial spines not 
pn^ecring inwards. 

rower* the ischial £pine? 
nodceably inturned. 

Pfihic arch 

Margins less everted. 

Margins more tverredi 


MALE 
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Acetabulum 


Obturator 

foramen 


FEMALE 

Smaller, widely separated 
and looking more for¬ 
wards. Horiaontal dia¬ 
meter never as great as 
the distance of its an¬ 
terior margin from the 
pubic symphysis. 

Smaller and more an- 
. gular. 


Larger, directed more 
laterally, its horizontal 
diameter often equal to 
the distance of its an¬ 
terior margin from the 
pubic symphysis. 


Larger and more 
rounded. 


The characteristic general proportions of the female pelvis have been 
summarized by likening it to a short section of a long cone, while that 
of the male resembles rather a long section of a short cone (Fig. 59). 

These proportions and the features detailed above are distinguishable 
in pelves of all ages—even of young children. 

THE SKULL . In contradistinction with the pelvis, the features indicative 
of stn in skulls (Fig. 60) are all secondary—developed only after puberty. 

Most adult females have a skxill thinner, lighter and with lesser 
muscular impressions, about one-tenth less in capacity than that of a 
corresponding male. The whole aspect of the skull is more youthful. 
Male sex is generally indicated by the following features (Fig. 60b): 
Frontal reffon. More or less prominent brow-ridges and glabella, with 
a more extensive frontal sinus. This makes the forehead more sloping 
and blunts the upper margins of the orbits, which tend to be sha^ in 
the female, owing to the more vertical, smooth forehead and frontal 
eminences not masked, as they may be in the male, by these outgrowths 
of the forehead. 

Parietal region. Here, also, the general thickness of the bones and larger 
capacity, by raising the midline of the vault, tend to lessen the pro¬ 
minence of the parietal eminences, which stand out clearly in feniales 
and children. The temporal lines are better marked, in keeping with a 
strong jaw-musculature. 

Occipital region. Owing to the more powerful nape-musculature, the 
impressions of the muscles on the occipital bone are deeper and more 
extensive. There may be a very prominent inion and well-marked 
nuchal lines. 

Temporal reffon. The stronger lines delimiting the area of the temporal 
fossa of the male have already been noted. The mastoid processes are 
more strongly developed in the male—again, a function of musculature. 
Masticating equipment. Strong male jaw-muscles, indicated by the de¬ 
velopment of the temporal lines, generally correspond with a heavier, 
more powerfully-chinned mandible with marked muscular relief. The 
teeth are larger, the ascending ramus wider, the horizontal ramus 
deeper and the gonial angle square, rugged and even everted. 
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Large teeth require a longer dental arcade and consequendy a large 
palatal area. 

All these features of the male human skull, save the large mastoids, 
are primitive and are seen, much exaggerated, in the skulls of many 
lower Primates. Human evolution has tended to the reduction, and 
even suppression, of many such secondary skull-features. In this re- 



Fig 60. Typical female (a) and male (b) adult human skulls. 


spect woman is more highly-evolved than man—^though the apparent 
advantage is, perhaps, nullified by the ten per cent, deficiency in cranial 
capacity! 

THE THORAX. In females, the thorax as a whole is relatively less capa¬ 
cious. This probably has to do with the less athletic and muscular 
habit of the whole body, dependent as it is for stamina in violent 
exertion on capacious lungs and voluminous heart. 

Sternum. The female sternum is shorter, its upper margin level with the 
lower part of the centrum of the third thoracic vertebra. In the male, 
fhis margin falls opposite the second thoracic. 

Ribs. The movements of respiration in the female arc predominandy 
thoracic, while in males the diaphragm and aMomen play a larger part. 
The upper ribs are, therefore, more mobile in the female, allowmg a 
greater expansion of the upper part of the thorax. 


Sex determination from bones in animals 

For investigating ancient domestic arumals, for example, it is just 
as desirable to discover the sex-ratio of the group as it is m the case ot 

the human population. , . c 

As in man, the sex-difierences are mainly of degree rather th^ of 
kind, though a few groups offer qualitative differences which arc 
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scriking”Siich as the antlers m male deer* btimc by the femalcss also 
only in the ca^c of the 

It is obvious that bulla have, on the whole, stouter hocos than cows, 
and boars longer tushes than sows, but it is difficulty without a large 
materia] and statistical treattneat, to discover where the line between 
the screes is to be drawn in a given population. Tt docs not follow that 
such a line, defined for one species or race, will be equally valid for 
another of diffcTE^nt geographical and temporal provenance. 

In this field a very great deal of work remains to be done before any 
general recommendadons for sexing individuals of animal species can 
be offered. 

The quantitative method—defining measurements, and indices based 
on such measurementB, followed by statistical study of a scries of ade¬ 
quate size—is likely to be the most fruirfUJ, though it cannot be said xh^t 
the more qinalitadve approad^, as outlmed above in foe case of human 
bones* has been exhaustively explored, even in rhe common aiiimak. 

For the present, then, archaeologists for the most part must wait 
upon the results of fipcdalist wtirkcrs in these fields, though there is 
nothing to prevent a mild cxctirsion into starisdes by any archaeological 
student of bones who has sufiident mateml to hand and foe time, 
patience and interest to work it up. Archaeology stands to gain more 
from his resuli^ chan any other branch of knowl^ge—which is pro¬ 
bably the reason why sO much remains to be done, the axx>logJStS 
having found the prospect somewhat unrewarding. 

ReconatruetJOD of living stature 
from dry lung bunes 

In examining the cxcav^ated skeletal remains of prehistoric and early 
historic peoples, it is often of value to estimate the living Etature of 
individuals and groups. 

It muat be etnphashsed at the outset that the exhaustive study of 
such material is properly the provmcc, in the first place* of the trained 
anthropologist, aid^, if required^ by spcdalLsts m forensic medicijic 
and general and dental pEtthologv, 

In view of the posable dilfiedty of enlisting, in a given instance, 
the assistance of the limited num^r of such specialists available, it 
is not altogether out of place to suggest here how the archaeologist 
himself may, at need, extract at least some valuable information &om 
the hones. 

Quite apart from the anthropological interest of foe results, the 
ability to Qtimate living stature ftoni isolated long bones may be of 
assistance on the sire or in foe laboratory in assigning scattered bones 
CO a particuki individual, or of distinguishing the remaim; of particular 
mdividuaU in a mixed collection lepiesenting several* 

It is, of course, evident that a collecdon yielding two left femora must 
tndude remains of at least two individuals, but it is not so clear whiifo of 
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them, if either, owned, rcspccrivcly, a possibly asstMiitecl humeius and 
radius, unless an estimate of their living dimensions can fiist be made. 
Even 5f3> it may not be possible t(j single out with certainty Kcnains 
of a particular individual from such a collection, unless the diflctcnces 
in stature are sufficiently large, but the possibility of so doing is worth 
pursuing. 

Theoietical difficulties in mconstiucting livmg stature from dry 
bones arc many. For exatuplc, it has been shown the standing 
height of an individual may dmoge during the day by as much as 0,9 in .; 
that the recumbent hdghc is grcatct than die standing height by as 
much as Ini ins>; that nutrition and old-age aife* ~* it 'riaf^fialjy; fbat 
iwrpurw lcnfrth cTWris nvrn g stature-hii^ p c fluns e ..8-iQr These, and 
othef m^iderations are expounded in a recently-published 

work*, from which the following instructions and data for obtaining 
living stature from dry long bones have been obtained. 

I. The bones must be rncasured, to nearest 1 mm, or 0.1 in. by 
a iinnonhTedmiqvie,"‘piefenibIy witB a"proper Hepburn osteometric 
•b o a rd J , 'or'blitween squared wooden blocks resting on squared paper, 
if this is not available. The use of tapes, callipers or slide-gauges is 


excluded. 

z. Measurementst j 1 /■ 

(a) FctQur, The gnatest overall length from the medial condyle (m 
contact with the fixed vertical plane) to the head. The bone li^ with 
its anterior surface uppiOTiost and is moved from side to side undl 
the maximum reading is obtained. 

(b) Tibia. Greatest length, cadusive of the inter-condykr eouncncc, 
from the lateral condyle (in contact with the movable vertical plane) 
to the dp of the medial nialleoliis. The bone lies with its anterior sur- 
fecc uppermoat and its long axis parallel to that of the board. 

(c) Humej^5.-Gn:atest overall length from the most distal ma^tn^ 
the rtodd^" (in contact with tbe fixed vertical plane) to the hrad. Ihc 
bone lies with its anieriot surfecc uppermMt and is moved from sioc 
to side until the maximum ccading is obtained. 

(d) Radius. Greatest length from the tip of the stybud prooew (in 
contact with the fixed vertical plane) to the head. Tbe bone hes v^th us 
posterior surface uppermost and its long axis pandlrf to that ot 


Armed with these measutcmsius, a set of itature/bone-len^ coeffi¬ 
cients. with HiHSmi^lEnddcd in each ease, given m the flowing 
table, can "Eelppljed to obtain estimates of stature. The coefficients 

- Boyd. J. D. and Trevor, J. C TU«. sg* sature 
lenuinx.' In MeiUm Tftnds in Favajif MwfroW, cd. by Keith Simpson, 

Locidoii^ ButterwOi^p i o ti*-^ 

I Hepburn osteometric board obtaimble from Meisr*. Andrew H. , 
)i')9 Loihisn Sn, Edinburgh. 
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and constants have been calculated for bones of the right side. Despite 
individual variations, which are difficult to assess, the measurement 
of a left bone may be substituted where the right is missing. It is 
necessary to know the sex of the individua l. Accuracy is increased when 
mSiUieuieuis Uf"§tveral Bon^ are available, to be used singly and in 
combination in several formulae. The results may then be averaged. 

DUPERTtnS AND HADDEn’s GENERAL RECONSTRUCTION FOR- ' 
MULAE FOR STATURE FROM LENGTHS OF DRY LONG BONES 
^TTHOUT CARTILAGE 


Sex 

Formula 

Staturc/bone-length 

co-efficicnts 

Femur (f). Tibia (t), humerus (h) 
and radius (r) 

Constant term to 
be added after 
calculation in 
previous column 

Male 

a 

2-258 [ X length of] (femur) [+] 

cms. ins. 

69*089 [or] 27*200 


b 

2-592 (tibia) 

81-688 

52*161 


c 

2-970 (humerus) 

75*570 

28*965 


d 

5-650 (radius) 

80-405 

51-655 


e 

1-225 (f- + t-) 

69-294 

27*281 


f 

1-728 (h. + r.) 

71-429 

28*122 


g 

1-422 (f) -f 1-062(1) 

66-544 

26*198 


h 

1-789(11) + 1-841(1) 

66*400 

26*142 


i 

1-928(f) + o-568(h) 

64-505 

25-596 


k 

1-442(f) + 0-951(1) + o-o85(h) 
+ 0-480(1) 

56*006 

22*050 


Sex 

Formula 

Stature / bone-length 
co-efficients 

Constant term to 
be added after 
calculation in 
previous column 

Female 

a 

2-517(0 

cms. 

61*412 

ins. 

24*178 


b 

2 * 535 (t) 

7 ^- 57 ^ 

28-572 


c 

5-144(h) 

64*977 

25-581 


d 

5-876(1) 

75-502 

28-958 


e 

i-255(f+ t) 

65-215 

25-674 


f 

i-984(h+ r) 

55*729 

21-941 


g 

1-657(0 + 0-879(0 

59*259 

25-550 


h 

2-i64(h)+ 1-525(1) 

60-544 

25*757 


i 

2-009(0 -h o-566(h) 

57-600 

22-677 


k 

1 - 544(0 + 0-764(0 + o-i26(h) 
+0-295(0 

57*495 

22-656 
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ESTIMATION OF AGE, SEX AND STATURE 

Example : To find the stature in life of a male with a femur measuring 


40’8 cms. and tibia 53.6 cms. 

Eormula 

(a) 2*238 X 40*8 -t- 69*089 = 

(b) 2*392 X 33 '^ 'b 81*688 = 

(e) i*22j (40*8 -1- 33*6) -1- 69*294 = 

(g) (1*442 X 40*8) -f- (1*062 X 33*6) + 66*544 = 

i6o' 40 cms 
162*06 
160*43 
160*22 


4)643*11 


Arithmetic mean i6o*8 cms 
= 5ft ins 


Applied even to many non-European people, good approximations 
to stature may be expected from these formulae. 

Results based on Ae measurement of a single bone are probably 
seldom closer to the true height than i inch, but if measurem^ts of 
several are available, greater accuracy than this should be obtained. 

Boyd and Trevor {ibid.) give a table showing results calculated by 
these formulae from the above four main long bones of ten mdividu;^ 
whose height in life was known. The mean error w^ only one mch, 
though the ‘known’ heights were in cases presumed . 

Mention is made of attempts to use incomplete long bones, y re 
constructing their original length from other measurements, but e 
authors are not enthusiastic about the accuracy of the conclusions 
reached. It is clear that unavoidable errors in the first reconstruction 
will be magnified during the calculation of the second. 
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Study and Interpretation 


The study of the bones assocdated with any archaeological remains 
should preferably begin on the site itself. Apart from the information 
intrinsic to the collection as seen on the laboratory bench, there may 
be much to be gleaned from an examination of the material while it is 
still in position. 

The excavator is clearly responsible for recording the stratigraphical 
relations of the finds to the archaeological periods represented and for 
plotting their positions on his plans. In the case of any specially in¬ 
teresting group of bones, such as a skeleton, whether complete or dis¬ 
turbed by the activities of later occupants of the site, it is axiomatic 
that the excavator will also have photographs taken before anything is 
moved. Such records are nearly always punctiliously kept. Generally, 
this will be sufficient, but there are not infrequent instances where even 
the best photographs ca nn ot be made to show everything which the 
worker who is to report on the bones might be able to distinguish on 
the site. 

Obviously, to extract everything possible from such remains as 
found, there must be somebody present who knows enough about 
anatomy to notice anything out of the ordinary about the position of 
the body or of the individual bones. This is specially the case where a 
burial or group of bunals has been disturbed, so that there is doubt as 
to the correct attribution to individuals of bones not in their normal 
positions of articulation. Under these circumstances, nothing less than 
accurate scale-drawings or numerous close-up photographs will serve 
to record the position adequately. These must be made by, or with the 
advice of, a person with special knowledge of bones sufficient to judge 
as to what may be important, preferably the one who will eventually 
report on the finds. 

Disturbed bones, as in a pit-filling or a common grave, may well 
extend some distance in depth, below the level at which the uppermost 
of them were first exposed. If one body lies even only partly over an- 
may be possible to work on the lower individual only after the 
upper has been removed. 

It may thus be necessary to use some approximation to the technique 
of serial sections’, clearing and recording each layer in turn on a separate 
plan of an area. On completion of the work the plans, super-imposed 
in order, should enable the exact disposition of the remains in three 
dimensions to be reconstructed. 
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kycr as it Is should be described veeboUy in die note¬ 

book, adding such condualona and interpretatiansj as may* at the 
time* sugg^t themselves, however mbeakea they may later prove to be. 
Any detail not immcdlatdy compcehenslhlc should be described with 
parrioilar care. Its full esplanarion may well emert^ in the succeeding 
layer and lead to qo observadoA of special interest* hut there is a 
chance that something* at first mexplicabie^ may lead to an eventual 
condusion of imporKmce* as to the strife nf the k^lics when buried or 
diiiturbcd* evidence of violent death, dislocations or other injuries or 
abnornoalidcs* Once the hontrs have been lifted this evidence is lost 
if not noted and sulHdenriy recorded at the rime. 

It may he added at this point that, even for someone used to handling 
bones and confident of an ability tn rccogniae them on the bench, ii is 
a very different matter to decide whar bone he is dealing with when 
only a small part of it U visible in the ground. The knowledge of whar 
to expect, and therefore how to set about dcaring a specimen without 
danger of damaging it, is most helpful in the fieldj but is only acquired 
by practice and many erroni at ftrsL It is & humbling experience for the 
rrmsultlng ^expert* to have no notion at first glimpse of a hunutn bone 
as to what part of the skdeton it may represent and to have a first 
theory aa to its nature only to have to abandon it as clearing proceeds! 
One ia constantly filled with admiration for the skill of archaeological 
field-workers with no prcicnsiuna to any knowledge of bones^ who 
nevertheless dear an entire skeleton by patience and steady application 
without serious danwgc- 

If die group is at all complicated and di$iurbed, measured drawings 
on a sufficiently large scale are deshabJe^ These should be of such a 
quality that individi^al bones may be readily idendfied. It is not enough 
to show that a particular bone is a femur. It should be dear tliat it is a 
rv^/ femur with its posterior aspect uppermost. Such a high standard 
of drawing may be impracticahle. Not every excavadon has a skilled 
draughtsman at hand* nor is every archaeological dfaughtsman sulfid- 
cntly well versed in osteology to make a recognizable portrait of each 
item in a group of bones. defidendcs in drawing muse be made 
good by tvexy fuller verbal description and by giving identUicadon- 
letters or ounibers to Ladividual pieces in a dkgrammadc drawing. 
Another way is to letter nn the spot a rough photographic print- 
The notebook entry might r^: 

-(j) in photo I. R. femur (? of body A)* prone, m ardcularion with 
pelvis* knee-joint not ycr visible. Sh^ fractured (? aiicicndy} in 
upper y 

Should there be any doubt that ft long bone is (or can be made, hy 
imptegaadon) in sound enough condition to be lifted* its ends should 
be cleared until callipers be ftd|usted to take its maximum length 
while sdU in the ground (see p. za8 ff). If, eventually* the bone reaches the 
laboratory safely, another measurement can be taken in accordance wdth 
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the correct osteometric techni(jue. If it should not survive the move in 
measurable condition, the rough measurement is better than none 
at all. 

Animal remains on a settlement site will certainly mosdy represent 
food-refuse. Thus, their condition and exact positions in the field are 
less likely to be informative. It is not essential to have a specialist 
present to see them excavated. It would be well, however, that at least 
one of the excavators should be able to recognize the species ordinarily 
found and to exercise special care should anything outside his ex- 
perience be discovered. 

Dogs, for example, and sometimes even larger domestic beasts, were 
occasionally buried whole. To have all the bones of a single individual, 
imtead of the usual disjointed fragments, affords more useful informa¬ 
tion about the race in domestication at the time than hundreds of loose 
examples. In communities more sophisticated than those of our pre¬ 
historic times such animal burials may represent blood-sacrifices or 
funeral offerings. In this role, the remains may throw some light on 
ancient customs and beliefs and are worthy of exact recording and 
closer study. 

It is not necessary to urge the advisability of there being somebody 
with a good knowledge of bones on every excavation carried out at a 
Palaeolithic site. Every student of the period understands the im¬ 
portance of associated fossils in elucidating Pleistocene problems and 
in reconstructing the animal and clima tic environment of the time. 
Once again, unless a whole animal, or at least groups of bones in arti- 
culatioi^ are found, the recording of the finds in relation to the strati- 
gtaphy is ail that nwd be done on the spot. If they are at all fit to travel, 
cleaning, preservation and mending are best postponed until the full 
resources' of a laboratory can be made available. Field treatment 
should be confined to ensuring their arrival home without further 
damage. 


Bench-work 

When the collection reaches the laboratory, the course of in¬ 
quiry to be followed will depend to some extent on what the 
excavator already knows about the site and hopes to learn from the 
bones. 

Some understanding of the archaeological problems involved 
in toe excavation and a knowledge of what the purely archaeological 
etidwce is going to show about the site is very helpfU. A study 
of the bones carried out /W vacuo is almost certain to be sterile—of 

httle value to the student and of only the slightest interest to the 
excavator. 

If, for example, it is likely that the site was only seasonally occupied. 
It would ^ profitable to look for migratory or hibernating species, in 
order to discover during what part of the year it was inhabited. In a 
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pcrmanendy occupied setdemcflc the dmiactci- and numbejra oF tlie 
domcsticatied anlm-a ls may throw same light on the economics of stock- 
biecdmgHi Where wild spedcs only are represented, they may iUuscrare 
the natural ermronmeat of the human settlers* 

In the ca&e of midden-niateiial and discatded meat-bODes^ a bare list 
of the spede^ ttpresented, with some comment on their relative pro 
portions^ is not all that can be usefully undertaken. Anything at all un¬ 
usual should be noted—a prcponcicnince of young indivIduaJs, un¬ 
common spedes, my evident sclectivencss in die pans of the bcxiy used, 
derails of butcherj'-practice (WiiitCj 1i-fi) which may be inferred ftoui 
mechanical damage^ evidence of seasonal food-habits, of dependence on 
wDd gamcj of significant differences in the assemblages of spcdcs in the 
diflfercnr archaeological levels and so on. 

Before any of these features can be discerned dearly, a view of the 
material as a whole must be obtained. 

It is an inYiolahle rule that collections from dlfierent areas and levels 
must be kept separate* Only one bag or packed layer must be opened 
at a time and the concenEs spread out for inspection. Unim this rule is 
observed as faithfiitly as it is in the case of aichaeotogicai finds of 
differenr periods, important evidence may be lost, or* what Is worse, 
entirely fictitious conclusions be formed. Even if no significant dif* 
fcrenccs between one collection and another are apparent, they should 
not be lumped together except after consuJtation with the excavator* 
when it has been agreed that to keep cHcjn separate woufd be artificuil 
or unreal. It is better to make £00 many distinct groups^ ki the hope that 
some may prove sigfdjicajit, than too few* when evidence of difl^ 
tinctions may be lost. 

Provided that the bones have been adequately cleaned and packed 
on the site and that there are not too many fitsK breaks, a list should 
first be made of all determinable fragments in each groupp under the 
different species. Obvionsiy, there is a liktdihood of some liuplicatian* 
since it cannot be assumed that each fragment represents a distinct 
individual. Unless the collection is quke sen:^ there wdl not be enough 
time at the investigator^s disposal to segregate, for ocamplc* all the left 
femora of a particular spedcs, with a view to arriving at the minimum 
number of individuals represented. Ss^^e when fairly complete skeletons 
arc in question* to have any validity, this would fuive to be done for 
every bone in the body of every spedes, lest some mdividuats should be 
represented (as is hkcly^ in a considerable mixed ccjUcctlon) by stogie 
fragments only. Further, an effort would first have to he made to re- 
lioice ail fcagments of every broken bone, ^'horc, on a domestic site, 
remains of oxen or sheep, for example* may be represented by hundreds 
of fragments, this would obviously be an unrewarding* if not im¬ 
possible* task. Some such reductiun of the material in the smaller 
groups may be possible at a larer si^ge* the first necessity h to list the 
material In some such form as the following! 

Q 
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ox 

SHE^ (GOAt) 

VIC 

HOitsie 

OTHFOS 

1 femur 
ribs (5) 
olancum 

1 1-vcrt 

2 molars 

2 scapulae 
femuc (young) 
) phalanges 
Frags* of 

1 pelvis. 

1 mojidible 

2 molai^ 
metapodial 
lowet tush 

znA phaJ* 
up. molar 

Ac frags, 
of maxilk. 

Dqg: lower 

canine, radius 
(size of Irish 
tcrdei). 

Dtifi Ander 
burr (shed). 

Btrdsi z wing- 
bones^ 

ALst: Frags, of 
infant skulk 

radius frag, 
r. S{:a.pula 
; metacaepak. 
t metatarsal 

2 incisors 
j molars* ! 


This \lAt ifi that of an imagioaty group of quite modest ake. It is dear 
that, apart from obvious diHerenccs in age or dimensions, there need 
be no more than two icdivlduala under the heading but the 
probability is rather that most pieces arc the sole representatives of the 
mdividtul to which they belonged. The excavated deposit may have 
taken many years^ even eentunes, to aecuiniilaiz:| the longer the time, 
the less likely that two oi mote fragments of the same individual arc 
preseoL This applies, too, to the other spedes. 

If, therefore, we assume that all spedes are equally subject to chance 
or deliberate fi^cnires and to the hazards of pieservadon, we am rake 
the number of recogokable fragments of each as representing the 
relative frequency on the site of that spedes* From the above list wc get: 

Ox ShetpffTg^ Pij^ Hmt D&g Dt^r i\ia4 Bird^ 

IT 6 z z t i t 

The first 5^ comprising 39 pieces against a mere S for all the rest, 
are clearly the main food-ontnuLb, in tlie rough proportion 4: z: ir 
The z pieces of horse found are of rcbdvely inedible parts, so thene is 
no evidence here as to whciher the horse, also, was eaten, or only kept 
for cranspott. Ihe dog, as today^ wa5 kept as a guard, companion and 
fat hiinting. The dccr-antlcr proves nothing. Being natutoUy shed, it 
was cither picked up as materia] for took or as a curio$it}% It was 
certainly not a hunted animaL The two birds probably represent mcak. 
The human infrnt is almost certainly an mtruded burial, perhaps dis¬ 
turbed at a later dace, Ssince no more of the body was found. 

One cannot, of course^ extract much valid evidence from a single 
group as small as this. The analysis must be extended to covet several 
groups of the same period from different parts of the site. Where the 
excavation was large and the maierifll sufficiendy plentiful, it may even 
be possible to use some statktJcai methods. Ecaulrs from groups of 
different ages must be kept apart— they may show significant changes 
in the habits of the occupants of the site. 

When an over-all picture of the cotlccrian has been gained^ the un-* 
detennmable fragments should once mote be examined^ to make sure 
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that they represent nothing unusual. They should not yet be dis¬ 
carded. Any interesting pieces which obviously belong together should 
be reassembled and mended. If important fragments, as of a skull, arc 
missing, the undeterminable collection should be sorted through in 
'Case any of them lie, unrecognized, among the rubbish. Nothing 
should be finally discarded until it is certain that no more is worth 
mending. It is tantalizing to find later that the one small fragment 
which would have completed a mend has probably been thrown away. 
If even the discard pile faik to yield the needed fragment, it is worth 
casting an eye over collections from adjacent areas and levels, taking 
special care not to confuse them with material already spread out. It is 
not unusual to find joining pieces at some distance from the main group. 

In this way the more obvious joins and whole bones clearly be¬ 
longing to the same limb or other part of the same skeleton may be 
found. This will, to some extent, reduce the number of individuals 
figuring in the first list by the number of the reassembled fragments. 
As noted above, there is an economic limit to this process, on which 
valuable time should not be wasted. 

The real study now begin. It is hard to generalize about its 
course, as collections are infinitely varied, in the amount of their 
material, nature, and the sort of information which they may be ex¬ 
pected to yield, A natural line of inquiry will probably suggest itself on 
reviewing the lists already made and trying to assess what any particular 
features mean Some rnain heads under which research might be pro¬ 
fitable are as follows:— 

Environmental 

Do the wild species foxmd belong to any particular natural milieu- 
forest, river-valley, steppe, fen, tundra, coast? 

Proportions of wild to domestic species. How far were the people 
directly dependent on natural environment? 

Did they show preference for any particular species? Why? Was it, 
for example, a matter of availability only during certain seasons? 

Any evidence that young beasts were preferred? 

Arc any normally associated species conspicuously absent?—any 
incongruous ones present ? WTiy ? 

Arc any non-mammalian species important? 

Domestic animals 

Arc all the usual species represented: catde, sheep, goat, pig, horse, 
dog? In what proportions? Is any missing? Why? 

Arc there any tame cats or other small carnivores ? 

How do domestic beasts compare in size and build with modem 
races ? Are there any peculiar features in shape of horns or in bodily 
proportions? 

Are many young individuals present? Of what sort of age? Were 
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calves and lambs autumn-slfltigbtcicd because theie was not enough 
winter feed to maintain them as well as the breeding stoefc ? Were any 
kept to a conaideiable age? Any evidence of sex?^—e.g. only bulls? 

Kami offiniries. How do the aniiwaU compare with those of ocbei 
peiinds, both earlier and later? Are there any cotomon features which 
would suggest the source of the stock? How do they compaie with 
wild European spedes? 

Butchery. Any evidence of fractures or cuts, to suggest how carcasses 
were jointed? 

Use of bones, teetli, horns and anders for industrial purposes. Signs 
of Cutting, sawing, drilling or weir in use as implements ? 

Human remains 

How many individuals ? Of what ages and sci ? Infant mortahty ? 

Buried? emanated? Naturally preserved? If disturbed, why? 

Features of skull and stature. Bodily proporrions. Racial and family 
resemblances? 

Evidence of tooth-wear in relation to age estimated from ocher 
features. Indications of diet? 

Cause of death? Evidence of violence in skullB, vertebrae or long 
bones ? Other cuts and Itactures, perhaps accident^ ? Healed wounds, 
including immobUiEcd joints following damage? Trepanadon? 

Pathological lesions. Bone erosions, exostoses, arthritic joints, 
dental anomalies, caries, abscesses? 

Ddiciency diseases. Rickets, mineral defidendes leading to im¬ 
perfect calcification? 

The list is not exhaustive. Other lines of investigation will suggest 
themselves. Obviously, only a fcw of the above suggesdoios will be 
profitable in any ghf-en case. It is at least worth while to consider 
whether the tiollectjcia in quesdun may afford positive evidence on any 
of these points. 

It is not part of the archaeologist’s task to supplant, for example, the 
palaeontologist, the physical anthropologist or the pathologist, but it is 
t^uitc proper for him to offer a general report on the retnaiiw vs found 
and on the points likely to be of interest to fcliow-aichaeologists, as 
dlustracing the enviroiuneni, habits and way of life, economics, in¬ 
dustry, warfare, funeral customs and beliefs of the inhabitants of the 
place and period under investigation. All these points will neither be so 
dear, nor of portioilai interest, to any one specialist who may be called 
in, in due course, to study the material exhaustively by his own special 
TTicthods. Unless some indicadon is first given by the archaeological 
student of bones that the material appor^y oBords iofonrotion of 
Specialist interest, it is unlikely that those beat able to describe and 
evaluate it w-ill ever be invited to consider it. 

For many not pardcukrly distinguished coUections the summary 
study is all that is Likely ever to be undertaken. It can, nevertheless. 
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be R useful record if treated with iuuginadoa aaid uudeiscuultQg of 
the RtchRcologicfil point of view and the speeia] pioblems of aidiaeo- 
logy. To this end, the closest co-opeiadon between workcra on bones 
and excavators is necessary. It is the cxcavatoi's lesponsibiUty to get a 
competent investigator on the site to see any onusual bone macetial in 
position and to explain to him the possible archaeological implicadtms 
of the find- Armed with an understanding of the context of the remains, 
the latter wiU then be able to direct his attention specially to the points 
of gi^test interest and importance to the excavator. There will often 
etneige results which constitute a contribution of teal value to the at’ 
cavadon-report, and not ixitrcly a largely itcelevant Appendix. 

What is wonted is a more widespread interest among archaeologists 
in the bone tnftterial found on their extavarions and doset liaison be¬ 
tween excavators and osteologists, to their mutual benefit. 

In the past the diHtculty has been rliat workers on bones were too 
few. More may be encouraged to undertake the task with a specially 
designed manual to help them. 

It is with the hope that it may prove useful in that capacity that tliis 
bO€jk has been writtco. 
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APPENDIX A 


Examples to show the process of determinatioa of whole bones (See 
Figs. 53, 54 (a) to (t), pp. 194-5- 

(a) I. It is not a long bone. It is symmetrical—therefore, a bone 
lying in the m.s.p., part of the axial skeleton. It has a large foramen— 
vertebra. 

It has transverse foramina— cervical vertebra. It has no centrum or 
body— atlas (C.i). 

2. It belonged to a moderately small animal, in si2e between sheep 
and hare. Possibly a small ruminant, pig, carnivore of medium size, 
large rodent. 

3. The ^wings’ of the atlas are too wide-spread for a ru m i n a n t. The 
foramen is too small for a pig. It is too large even for a beaver, so the 
rodents are excluded. It must belong to a carnivore. 

4. Of the carnivores in our list, it is too small for a bear or lion, 
too large for a cat. It is too small for a hyaena, too large for a fox, 
probably too small for wolf. It could be a badger, among the Mustelidae, 
but is too large for any other. It is probably a rather large dog. 

5. Comparison shows it to be quite distinct in form from the atlas 
of a badger, almost idendcal with wolf and fox, smaller than the former, 
larger than the latter. It is identical with dog. 

(b) I. It is clearly half a mandible with 4 front teeth and 6 cheek-teeth. 

2. It belonged to a mammal of medium size, nothing larger than a 
moderate-sized ruminant—say red deer—nothing smaller than a dog. 

3. The high-crowned teeth wearing to a rasp-like chewing surface 
indicate a specialized vegetable feeder. The premolars are somewhat 
molariform, the canines indistinguishably like the incisors and ranged 
with them—a ruminant peculiarity. It could be a small deer (fallow deer, 
roe), sheep or goat, saiga or chamois. On the whole deer have (for 
ruminants) rather low-crowned teeth* The height of the crowns here 
rules out deer. In chamois and saiga Pm^ (the 3rd cheek-tooth from the 
front) is markedly longer than Mj, mesio-distally. This feature is 
especially marked in the latter. There are also dificrences of proportion 
on comparison. 

4. The mandible, therefore, belongs to sheep or g>at. Distinction 
between these two is exceedingly difficult. Qose study and an adequate 
comparative mAf prial would be necessary to determine the species within 
these genera* 

5. Compare with the avsdlable material and check these findings. 

(c) I. It is a long bone, with two convex articulations—femur or 
humerus. The head has no distinct neck and no pit for a round ligament 
— humerus. 

2. It belonged to a large animal, from the shortness and stockiness 
of the upper arm a specialized quadruped. It cannot, therefore, be man, 
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tioD or War , of whidi the hLimed would all approaimaticly Rt na. t« 
length. It is too small to have bdongpd to elephant, thino or hippo. 
Ic is too large for a pig or any of the smaller ruminants. This ccstricts 
the choice to horse, eUc, Meg^rrmit ox. or bison. 

j. The bone has a very pioimntnt deltoid ridge, which is not fctmd 
in any of the mixuniuits. This shows that the bone belonged tti an udd- 
toed ungulate, therefore, Jh^rse, 

4. Having narrowed the determination down to a single genus, the 
conteat of the site will show whcdicr the horse was a wild spcdcs or 
domestiated. In western Europe wild horses diaapp^ wi± the 
steppe conditions m which most wem adapted. Domesticated horses 
appear only in the Late Bronze Ag^. 

Distinction between wild species will depend on comparison. 
The above conclusions should be checked by rcfeieoce to the maKnal. 

fd) i. It is a long bone, both ends with flat or concave articular sur¬ 
faces—tibia or flbubu The shaft is triangular above and the pcoaiioal 
acdculadon consists of two ftccw sej^ated by a crest—frtw. 

z. it belonged to an animal of njediutn suae, not so large as horse or 
ox, laiger than dog or sheep, 

j. There is no trace of a fibula, fused nr otherwise. It miuiot, there¬ 
fore, be man, a cariuvoic or a pig. It is of the same general form as 
sheep or ox, with the astragalus articulation in line with the antenot 
crest- It is, thetefore, a ruminant. 

4, The bone is of the same stoutness as the tibia of a sheep, but 
much longer—nearly as long, absolutely, as that of a small ox, but 
much more slender than this. It is a detr . 

It is too small for elk, too large for roc or fallow deer, Tlic temain- 
ing possibilities are ted deer or reindeer. The former is generally con¬ 
siderably the larger (sample measurements on p. 169). 

j. Comparison shows that the specimen’is of a mndter, boA ftom 
the and because in reindeer die medial malleolus K much 

longer, forming the point of extreme length of the bone. 

(e) 1. It is not a long bone. It is not symmetrical and does not, there- 
fore, belong to the axial skeleton (it is clearly not a rihl). It is not part 
of shoulder- or hip-girdle, is not a loose epiphysis or a hoof-mte; 
inus^ therefore; be a catpal or tarsal bon^ a p halanx or ^amoid it 
has no shafts howcFcr short afld stout* aiid cannot he a phalanx, c 
ardculai facets are distributed all round, not only on one side; so it 
caruiot be a sesamoid. It must be a catpal or tars J hone. ^ 

It has no lever—not calcancum—but a p^ey-Uke arocuktion for a 
limb bone. This cannot be for uUia and radius, must, therefore, e or 

the tibia and the bone is an oftrafftltu. „ , j 

1. The animal owning it was larger than a dog, SDoaller than a re 

deer. „ 

j. The low dbial ardculatiofl shows that it is not a camvore-^The 
medial rwist of the head of the astragalus meeting the navicular shows 
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that it is not a ruminant, where the head is straight. The animal can 
only be a pig. 

4. Since we have only one species of pig, whether wild or domesti¬ 
cated, this stage is unnecessary. 

5, Compare and check these conclusions. 

(f) I. It is a curved, prismatic, rootless tooth. It is not a molar, pre- 
mol^ or canine, having no grinding surface, cutting cusps or sharp 
point, but a chisel edge of enamel. It is an incisor. Being rootless, the 
pulp-cavity a simple conical hollow, it is constantly being renewed in 
the alveolus and continually growing out. This is an adaptation to very 
severe wear. 

2. It belonged to a relatively small animal—smaUer than an average 
dog, larger than a rabbit. 

3. The only group in our list having such incisors is the Order 
Rodentia. 

4. For a rodent the animal was large—hare, porcupine, beaver, 
marmot. 

5. On comparison, the dimensions show it to be beaver. 

(g) I. It is a tooth, curved, slender and pointed, with a strong closed 
root—a canine. 

2. It belonged to an animal of moderate size—between an average 
dog and a hare. 

5. Canines of such size are found in smaller Primates (c.g., gibbon) 
and carnivores only, in our list. Unless its date could be Early Pleis¬ 
tocene the Primates are excluded—and a Pleistocene monkey or ape 
with a canine of this size would be a find indeed! It certainly belongs to a 
carnivore. 

4. It is too small for lion, bear, hyaena, wolf or seal, too large for 
most of the Mustelidae (save badger and glutton) and for the wild 
cat. 

The list is thus reduced to: smallish dog, fox, badger or glutton. 

5. Comparison shows that dog, badger and glutton all have canines 
much stouter in comparison with their height than our specimen, 
which must, therefore, be fox. Further comparison shows that of the 
two possible species, Vulpes v. and Alopex lagopus (arctic fox) it must 
be the former, since the roots of the canines arc much shorter and more 
flattened transversely in the latter, which has a shorter muzzle. 

(h) I. It is not a long bone. It is not symmetrical, is, therefore, one 
of a pair. It is of irregular shape with a number of articular facets— 
carpal or tarsal bone. It has a long, lever-like process— calcaneum. 

2. It belonged to a large animal, lighter in build, if not smaller in 
dimensions, than an ox, larger than a red deer. 

5. Its long, slender tuberosity shows that the pes as a whole was 
slender and much elongated (opposite arms of a first-order lever). 
The animal owning it was a specialized terrestrial quadruped. 
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4* It is too skoder for hone or ox^ appeoachmg a red Jeer m its 
lightness of build, but much krgef* EJk or 

j. Compare for decision between these two. 

(i) 1, Though absolutely short, it has the features of a long bone. 
The shortness esdudea all of tht main limb bones, so it must belong 
to fTianus or pes. It is not a mctapc^Klialp. skuce its proximal arucuktioii 
is single and hollow^ not consisting of several flattish facets. It must be 
i pia/isnx^ Since the proximal arricuktion has no trace of a median 
groove for tht head of a metapodial, which haa a median ridge, it is 
a phalanx. 

1, It belonged to a large, heavy animal. 

5. Its shortness and strength suggests that it was an animal with 
less than 4 equally-developed digits, i.c., a spedalwed ungulate or 
nnrarumt. It is too stou± and short for a deer, even for and 

must, thertforev belong to a large btwid, ffx or 

4* Size is no guide in distinguishing these gcncia. 

j. Even comparison, without measurements and mathematies, is no 
guide* Determination con go no ftirthcr on the evidence* Skulk, horn- 
cores and thoracic vertebrae only are an indicadon at sight of the in¬ 
dividual genera. 

(I) 3. It is a tooth, worn with gdnding vegetable food. A premolar or 
molar. 

a. It is the grinder of a large animal, larger than horse or ox. Ele¬ 
phant? Rhino? blippo? 

3, The grinder of an edephant has many transverse plares of enamel 
and is far larger than this tooth. Thai of a hippopotamus has a quatre- 
foil cmmcl pattern when worn, pig'like and unspcciolized. 

This tooth is selcnodont (with two crescents of enamel) and indicates 
a somewhat specialized ungulate—Rhjnt>ccftiLidae+ The prcsmce of 
cement covering the enamel and lining the pits on the chewmg suckce 
and the presence of three such pits, in a worn tooth, instead of only 
rwo, show the exfinirt woolly rhinoceros. 

4 and 5 ore unncceasar}^ The lost details are speofic. Nevertheless, 
compare the upper molars of several rhinoceras species and note the 
didcrences. 

(k) 1. It IS a long bone* with faceted proximal end and two distinct 
distal articulations — tuminant mcmpodial, consisting of two bones with 
their shafts fused. The shaft is almost square tn section above* somewhat 
deeper antcm-postcciorly than transversely— 

z. It belonged to a large and heavy animal wbkb, in the ruminant 
group, could only be a large bovid—ox or bbon. 

3. The shoulders, at the level of the sutures of the distal epiphyses, 
are not square, but rather of the sloping, ‘btrttle-neck* form. The bone 
probably belongs CO JW rather than Bneif. 

4* This step t$ unnccc&soiy here. 
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5. Visual comparison can do no more than confirm the attribution 
to one of these genera, without deciding for either. 

( l ) I, It is a long bone, though rather short and squat—^not one of the 
main limb-bones, but part of manus or pes. The faceted proximal end 
and the bold, barrel-shaped distal articulation with a median ridge show 
it to be a metapodial, 

2. It is far too stout to belong to any of the smaller m a mm als in 
our list, being twice as thick as that of a carnivore of the size of a wolf. 
It is too unlike the human form to belong to man—or to bear or lion, 
which share with him rather generalized characters of manus and pes. 
The high median ridge of the distal articulation indicates that the 
phalanges had little or no lateral play—a sign of some specialization as a 
tertest^ quadruped. It is too small to belong to any of the heavier 
animals, red deer and upwards. 

5. The specialized ungulates (horse and ruminants) have stout can¬ 
non-bones, in the case of the latter consisting of two fused metapodials. 
Since the specimen shows no signs of fusion with its neighbours it 
indicates a relatively less specialized ungulate than these. 

4. Horse and rhino are excluded by their size, so that this bone can 
only have belonged to an even-toed (Artiodactyl) animal. Hippo is 
similarly excluded, so we arrive at the only possible animal—/)/^. The 
pig has four digits, this bone being one of the main pair (Mps. 11 and III). 

5. Comparison will be necessary to decide whether the bone is a 
metacarpal or a metatarsal. Even comparison will not distinguish be¬ 
tween a wild and a prehistoric domesticated pig. The latter was neither 
so large nor as heavy-bodied as modem breeds. 

(m) I. It is not a long bone, but is, at first sight, somewhat rib-like. 
Unlike a rib, it has a double (S) curvature and articular facets at both 
ends. It is a clavicle. 

2. The possession of a functional clavicle is a primitive feature. It 
is present in Insectivora, Chiroptera, some Rodentia and the Primates. 
In the rest of the groups in our list it is a functionless vestige if present 
at all. The size of the present example marks it as unmistakably human. 

3, 4 and 5 unnecessary. 

(n) 1. It is not a long bone. It is roughly conical, terminating in a 
point The base is fractured and shows a coarsely cellular internal 
structure. It is not symmetrical but forms one of a pair. Its external 
surface is more or less deeply marked with vascxilar grooves and small 
foramina. It is a cranial appendage—a hom-core. 

2. In size, it clearly belongs to an animal smaller than ox or bison— 
one of the smaller Bovidae. 

5. It is roughly triangular in section, slender and tapering and 
appears somewhat twisted on its own axis rather than curved—^the 
curve is an extremely narrow helix of which there is not one complete 
turn in the length of the hom-core. Goat. 
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4. In our list for western Europe ooly two goats catnc ioto cofl- 
sidezatian: the domestic species, Capra Awiratf and the ibe*, C ihrx. 
The long sweeping curve of the hom-core in the latter is disdnetive^ 
This specimen dearly belongs to the former. 

Coinpate and check. 

(o) 1. It is an entire cratiiitm. 

a. It belongs to an animal of the sbse of a smallish dog. 

j. The dendtioo, with its strong canines, blunt-pointed premolars 
and reduced molar set, tells ns at once that this is a carnivore. It is, 
however, one not highly specialized, as wit^ss the P*, and Mj, 
which arc multi-cuspidaiie and frankly gdnding—not Hesh-cumng 
teeth. Tliey indicate a varied diet. 

4, The unspecialized caiiuvoics in our liscatc the bear and the badger. 
The skull is manifestly too small to belong to the former and must, 
therefore, represent the larter. The long, low «ult, small brain^ase, 
blunt muzzle and powerful jaws mark the family of the Mustehdac 
weasels, martens, etc. These features conSim the detetminadoiT as ha^r, 

f. Compare and check. 

(p) t. It is a tooth. The crown is very high, the toots short and small, 
die wom surface a complicated pattern of ennrnct, den tine and cement, 
with small, narrow, open pits in the cemeoL Despite the complications, 
the basic seltnodont pattern of the tingulatcs is apparent. It is a cheek¬ 
tooth—^whether prcmolar or molar does flOC appear deailv. 

t. It is the tooth of a lektivcly large animal, but clearly not of elc- 
phiiit, ihii^o oc hippo* It is, tlier^oc^p or a mmiftatiL 

5. The height of the mown, the amount of cement cov^g the 

and filling its ccEHtcant folds suggest a design to resist severe 
wear—i.e.. a tOUgb, abrasive diet. 

Of the above list, the hotse is originally a steppe-dwdlcr and these 
feeding-conditions would demand just the structure we observe. Ox 
and bison, on the other band, are preferably parkland and tivcc-valley 
aniimls. Their teeth are not so high or 50 heavily reinforced with 
cement, f-hra. 

4, The size of the tooth is some guide to the statute of the animal. 
Most wild horses ore of pony dimeosiom, but one group apparently 
lived in the Pleistocene forests and attained a considerable aiae (Ejwwr 
r^hmstut group). Prehistoric domestic horses (E. fobailia) were generally 
small, not approaching the 14-16 hands measurement (j6 inches- 
64 inches) at the withers of some modetn breeds. 

5. Compare and check. 

(q) t. It is not a long bone. It consists of three brandies radiating 
from a cup^haped articular hollow (acetabulum), of which two 
(iscliium, pubts) etjom to endose a large oval (obturator) foramen, 
while the third (ilium) widens to a fen-shaped ectremity. It is one 
'half' of a pelvis, the w momiKatum. 
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2. It belonged to an animal of medium size, larger than a dog, 
smaller than a pony. 

3. The margin of the acetabulum is notched below, but the notch is 
closed to a mere slit at the actual margin by overhanging lips of bone. 
This is a feature of the acetabulum in the ruminants alone, and especially 
in the Bovidae. (The notch is less completely closed in the Cervidac.) 
The bone is, therefore, that of a rather small bovid. 

4. The size suggests sheep, goat, chamois or saiga. 

5. In the last, the ilium is rather short, the tuberosity of the ischium 
large in proportion and the obturator foramen a wide oval. The chamois 
is considerably lighter and the bones more gracile than in the specimen. 
The acetabulum is smaller and the foramen a long oval. The specimen 
lies between these two in form, is larger and evidendy belongs to an 
a n i m al heavier than either. It is, therefore, certainly sheep or goat. As in 
other cases with these two genera, a distinedon is very hard to make. 
The goats seem to be rather lighter in build than sheep, but the dif¬ 
ferences are of the same order of magnitude as variadons due to sex, 
age and different geographical races. They are, therefore, quite un- 
rcUable. 

6. Compare the material and check these observadons. 

(f) I. It is not a long bone. It is symmetrical—part of the axial 
skeleton. It has a large oval centrum, arch enclosing a wide foramen, 
transverse processes and neural spine—a vertebra. 

It has no transverse foramina (not cervical). 

It has no rib-facets on body or transverse processes (not a thoracic). 

It has no sign of fusion widi its neighbours (not a sacral). 

It has all its processes well developed (not a caudal). 

It must be a lumbar vertebra. 

2. It is of a biggish animal, not as big as an ox but larger than a sheep. 
This narrows the possible field very considerably: to man, bear, lion 
or a middle-sized ungulate. 

3. In the ruminants the centra, even of the lumbar vertebrae, arc 
somewhat opisthococlous (hollow posteriorly), while in the specimen 
they arc pracdcally flat. This rules out the ruminants. In all quadrupeds 
there is an andclinal vertebra towards the end of the thoracic series, 
of which the neural spine stands vcrrically in a dorsal dirccrion. The 
spines of those in front of this lean back, those behind, including the 
lumbars, forwards. In man, with an erect posture, there is no anri- 
clinal vertebra and all the neural spines point downwards. This rules out 
the carnivores, ^^an. 

4. Unnecessary. 

5. G^mparc and check. 

(9) 1. It is not a long bone. It is asymmetrical, showing it to be one of 
a pair. It is bladc-likc, with a marked spine standing at right-angles to 
the plane of the blade. Scapula. 
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2. It belongs to a rather small animal, larger than a rat, smaller 
than an average dog. It could, therefore, be a large insecrivore (c.g., 
hedgehog), a large rodent, a small primate or a small carnivore. The 
rest are ruled out. 

3. The most striking feature of the bone is the end of the spine 
(acromion) overhanging the glenoid cavity. This is divided into two, 
the acromion proper and a posteriorly-extended metacromial process. 
The notch between the acromion and the spine is very deep. This ex¬ 
cludes the hedgehog and the primates, in which the acromion is un¬ 
divided. Though present in some small carnivores, the metacromial 
process in these is neither so long nor so slender. We are left with the 
rodents. 

Only one of the larger rodents has the subacromial notch as deep 
as in this case and the same slender, acute-angled form of the blade, 
with a concave posterior border. These features indicate hart. The 
rabbit is supposed not to be pre-Norman in Britain, so for a bone in a 
prehistoric context the determination as hare is conclusive. 

4. Unnecessary. 

5. Compare and confirm the findings. 

(t) I. It is a long bone, absolutely short and very stout. The rather 
flat facets at the proximal end and the rounded, convex surface at the 
distal show it to be a metapodial. 

2. As a metapodial, it must have belonged to a very large mammal. 

3. Of the three largest mammals in our list—elephant, rhino and 
hippo—^the metapodi^ are extremely large and stout. Those of the 
hippo, though short, are relatively slender, there being 4 well-developed 
digits in manus and pes. In the rhino, all the metapodials are relatively 
long, the principal (HI) member of the trio being also extremely strong. 
The elephant, with 5 complete digits, has metapodials shorter than 
either, but the Mp Hi’s are scarcely less stout. 

4. Unnecessary. 

5. Comparison of the present specimen with the relevant material 
shows it to belong to an elephant. It is a metacarpal, the corresponding 
metatarsal being even shorter and stockier. TTie material does not 
permit a specific determination without extensive study. 
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APPENDIX B 


CLASSIFICATION OF MAMMALIA 

BASED ON G. G. SIMPSON 


tubes tulmination 

- INI 

sua-fAMaiES M 

- IKAX 

FAMIUES •• 

- IDAI 

SUFEX-FASnUES ^ 

« OIDIA 


Feraa 


ProtunguUu 
(5 ordcrt, 4 t> 


Paenongulata 

(7on>en,4 t) 


1 

Meuxooia 


Probosddea 


SUPEM»yAMlUES 


t Moeriiherioidea 
(1 fam. & 1 8«KUt 
Moeritlieriuiii) 


Hyncoidea 

(hynxes) 


Sirenia 

(manatee 

dugong) 


t Deinotherioidea 
(1 fam. & 1 order 
Dinothexitim) 


Ekpbantoidea 


t Barytherioidea 
(1 fam. & 1 genus 
Barytherium) 


I— 

Suiformcs 


suB-oaoiM 


Paraxonia 

I 

oaosa 

ArtiodactyUi Caven-loed 2*4) 


I 


2 *; 


Suma 


INFmA-OaOEXS 

“I « i 


Ruminantla 

I . 


Tylopoda 


TraguUna 


I 


Fecbra 

I 


Ancodonta 

I I-* t I 

Suoidea Amhracotherioidea sum-FASflUis 
fam. I 1 _j _ Certoidea 


Gompbocheriidae 
(5 extinct subramilies) 

SUB-FAMnJP 


t Mammutidaa 
(mastodons) 


Elephantidae 


Stegodontinae 


Elcphantinae 


Tayassuklac 


Suidae 

(pigs) 

S tm-FAM ._j 

4^ Suinae 

5 living. 8 t gen. 
incl. Sus 


fam . f 

.rrri ‘ 


Siralli 


2t 


J 21 Traguloidca 
ippopotamidae 

GENEEA 


Joidea 

I 


Bovokka 

I_ 


FAMt . 
Celvidae 


U GiraiaSdie AmOoMpridae 


Hippopotamus Choeropsis I 
pygmy hip. (Afr.) 


I sun^FAMms 


HBhrAMiun 


Loxodoou 
(Afncan elepbant) 


t Mammuthus 
(mammoths) 


Ekpl 


?lias 


2t 


MosMtinaa 

Moichus 
(sole genus) 


Momiadiiae 

I 


Paleotniginae GiraltBnac Slvaiheriinae 

l^aNmA _ I _ W’fAU. 

Okapia z't Oitaffa 11 wb. fam. Amilocai 


Boi 


i^rinae 


ividae 


Cervinae (Xlocoikinae 


/Muotiacus 

lEtaphodus 


6t|iod. 

Megacarot) 


91 Antilocapra 


Odocoilcini ] 

(31.4 living gep.) 


Dama 

(fallow deer) 


Axis 


Cervus 

ind. 

C. elai^uis 


Akini 

11** 
Akes 
(elk) 


Raoglrerini 

Raogifer 

(reindeer) 

Stm-FAMtUES_ 


I 


CapreoUni 


Hydropotini — 

1 genus 1 t * Caprcolus 


I. 

Bovinaa 


sua-oapgas 


oaora 

p^r^sodactyla {odd-toed - 1*3) 


E4)U0L 
FAM. [ 


>ldea 


Hippomorpba 
SURBX-FAM. 


x>motDcrio 


Ceratomorpha 
SU m-FAM. I _ 


Streptioerolini 

Boselaphini 


q». 

lit 


Cephalclophinaa 
Cephalolophini 
3 living duikers 

GDUftA 


Antilopioaa 


HippocraginMe 


Capr! 


8 t*gen. 


Equidae t Paleot^eriidae 
I SUB-FASIILES 

1~ 7 1 


t BromotWioidea 
(titanotharcs) 

(1 fam.. 8 subfam. 


f Chalicotherioidea 
[l fam.. 2 subfam.) 


Tapiroidea 
(4 fam.. 3 t) 


Rhinooerotoidea 
3 t fam. * 
FAM. I 

Rhinooerotidaa 


6^7 


I 


Bosdaihut 

(oilgb^ (4 


"1 

Anoa Bos 

(As.^ ffalo) 


Bu^us 


Tetraoeros 
homed amdope) 


Biios 

(gayal) 


OENSaA 


(kudu. 


iTaurotragut 
;) ' (eland) 


ttja.rAMi uES 


I Hyra^hcriinae 


f An^tberiinae 


Equinae 




TUBES 


Synoentt 

(Cape (Ear. * 
buSalo) N. Am.) 


(Asi.) (^.) Eumi.) WurtyKlc.^ 
rietbok addax (Asia) 


GlNEltA 


9 t geo. 

(Hipparion. etc.) 


Equus 

horses, asses, donkcyi. 
onager, zdiras) 


Rhinocirotinac DicerorWninae 61 suWam. 

I—'—, 


Diccrorhima 
(Sumatran) 
incl. t D. meiddi 


OENntA _ 

t Coelodonu 

(- Tichothinus 


ll.sWliSAfr.) , 

(klipspfinger. oribL dik-dik) 


Antflopini 


8*n 


oiwo^ 

Antilope AepytcTOT 

(blackbuck) (unpala) 

' * 3 other Uvmg genera 


Garclla 


Antidorcas ^ 
(spri^buck) 


Ceratotherium 
white, AHr.) 


Diciros 
(black, Afr.) 


_^Tama___j--[- 

9 t 2 irvii 5 t?^ ^ 


sdi. PMUiUpi! opg— 
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1 Central Arcftaco*oglcal Libran* 

I new 
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Author 
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